
ANNALS 

SURGERY 

A MONTHLY REVIEW OF SURGICAL SCIENCE AND PRACTICE 

ALSO THE OFFICIAL PUBLICATION OF THE AMERICAN SURGICAL 
ASSOCIATION, THE SOUTHERN SURGICAL ASSOCIATION, PHILADEL- 
PHIA ACADEMY OF SURGERY, NEW YORK SURGICAL SOCIETY, AND 
CENTRAL SURGICAL ASSOCIATION 



VOLUME 116 
JULY-DEGEMBER 
1942 

EDITORIAL BOARD 


WALTER E LEE, MD 
Chairman, Philadelphia, Pa 

BARNEY BROOKS, MD 

Nashville, Tenn 


ROY D McCLURE, MD 

Detroit, Mich 

GEORGE P MULLER, iVI D 

Philadelphia, Pa 


E D CHURCHILL, M D H C NAFFZIGER, M D 
Boston, Mass San Francisco, Cal 


Boston, Mass 

EVARTS A GRAHAM, M D 

St Louis, Mo 


D B PHEMISTER, MD 

Chicago, III 


ROSCOE R GRAHAM, M D W F RIENHOFF, JR , M D 


Toronto, Canada 

SAMUEL C HARVEY, M D 

New Haven, Conn 


Baliimoie, Md 

A O WHIPPLE, MD 
New York, N Y 


JAMES TAFT PILCHER, M D , Managing Editor 


PHILADELPHIA 


LIPPINCOTT COMPANY, Publisher. 


MONTREAL 


NEW YORK 


COPYRIGHT 1942 

f B UPPINCOTT COMPANY 


MADE IN THE UNITED STATES OF AMERICA 



CONTRIBUTORS TO VOLUME 116 

Ackman, Douglas, Monti eal. Can 641 

Altemeier, W a , Cincinnati, Ohio 98 

Ariel, I , New Yoik, N Y 924 

Atlas, Lawrence N , Cleveland, Ohio 476, 708 

Auchincloss, Hugh, New York, N Y 435 

Babcock, W Wayne, Philadelphia, Pa 833 

Balkin, Ruth B , Chicago, 111 54 

Beck, Claude S , Cleveland, Ohio 161 

Beecher, Henry K , Boston, Mass 658 

Bellis, Carroll J , Minneapolis, Minn 318 

Berger, Louis, Biooklyii, N Y 738 

Berry, Frank B , New York, N Y 127, 532 

Bettman, Ralph B , Chicago, 111 928 

Blades, Brian, St Louis, Mo 782 

Blotner, Carl, Dayton, Ohio 394 

Blum, Lester, New Yoik, N Y 461 

Braund, Ralph, New York, N Y 76 

Breidenbach, Lester, New York, N Y 623 

Brewer, Lyman A , HI, Los Angeles, Calif 668 

Burch, John C , Nashville, Tenn 604 

Burton, Claude C , Dayton, Ohio 394 

Buschenhenke, Gerard, Albany, N Y 954 

Campbell, Eldridge, Albany, N Y 763 

Caylor, Harold D , Bluffton, Ind 470 

Chaeee, John S , Cleveland, Ohio . ^ 843 

Child, Charles G , HI, New York, N Y 721 

Chrisiopher, Frederick, Evanston, 111 945 

Chrisiy, C J I Buffalo, N Y 948 

Churchill, Edward D , Boston, Mass 566 

Clammer, George R , Reading, Pa 334 

Cooper, Frederick W , Jr , Nashville, Tenn * 194 

CouRNAND, AfiDRE, New Yolk, N Y 532 

Cox, Marcus ‘E, Charleston, S C 355 

Denneen, Edward V , New York, N Y 103 

Dobrzaniecki, Wladyslaw, Lwow, Romanov icza-3, USSR 150 

Dolley, Frank S , Los Angeles, Calif 668 

Dowdle, Edward, Detroit, Mich 34^ 

Duckett, J W , Dallas, Tex 321 

Eger, Sherman A , Upper Darby, Pa 93 ^ 

Eisaman, Jack L , Bluffton, Ind 47® 

Eitzen, Oliver, Cleveland, Ohio 337 

Elder, J R , London, Eng ^ 

Elkeles, Gerardo, Cordoba, Argentina 3^0 

111 



CONTRIBUTORS TO VOLUME ii6 

Emerson, G V , Col , M C , San Francisco, Calif 
Engel, W J , Cleveland, Ohio 
Erb, VV illiam H , Philadelphia, Pa 
Evans, Evereii 1, Boston, Mass 
Evlreti, Clyde, Cleveland, Ohio 

Ferrer, Jose M , New Yoik, N Y 
Fine, Jacob, Boston, Mass 
Finesione, Edward O , New Yoik, N Y 
Fisher, A Murray, Baltimore, Md 
Frank, Howard A , Boston, Mass 

Gallagher, Paul, Col , M C , Fort Bliss Tex 
Gannon, Jamls, Jr, Baltimore, Md 
Garlock, John PI , New York, N Y 
Gauli, Joseph T , Chicago, 111 
Gerrie, John W, Montieal, Can 
Gibbons, Marj orie M , Indianapolis, Ind 
Ginzburg, Leon, New Yoik, N Y 
Glaser, Mark A , Los Angeles, Calif 
Glover, D M , Cleveland, Ohio 
Gordimer, Harry, New Yoik, N Y 
GofTSCHALK, Roberi, Albany, N Y 
Grace, Edwin J , Biooklyn, N Y 
Greene, Barnett A, Biooklyn, N Y 
Grin NELL, Robert S , New Yoik, N Y 
Gross, Sidney W , New York, N Y 
Guru, Fraser B, Montieal, Can 

Haagensen, C D , New York, N Y 

Haak, Edmund, Lwow, Romanowicz-3, USSR 

Harper, Fred R , Denver, Colo 

PIarrison, Carrington, Nashville, Tenn 

Haynes, Anne, Memphis, Tenn 

Hemplemann, Louis PI , Jr , St Louis, Mo 

Heyd, Charles Gordon, New Yoik, N Y 

Hinton, Drury, Philadelphia, Pa 

Hinton, J William, New Yoik, N Y 

Hodes, Philip, J , Philadelphia, Pa 

Holloway, John W , Cleveland, Ohio 

Horne, S F , Winston-Salem, N C 

Howard, Frederick S , San Fiancisco, Cahf 

Impink, Robert R , Reading, Pa 

Jacobson, Seymour S , Lt , M C , Charleston, S C 

Kent, Edward M , St Louis, Mo 
Kirshbaum, Jack D , Chicago, 111 
Kleinburg, Samuel, New Yoik, N Y 
Koppelman, Harold, Brooklyn, N Y 

IV 


Annals of Surgery 
December, 1942 

942 

61 

7^3 

658 

154 

217 

574 

109 

864 

574 

933 

481 

906 

271 

641 

426 

906 

452 

337 

175 

954 

3S7 

898 

200 

821 

641 

801 

150 

938 

194 

430 

34 

913 

147 

251 

713 

277 

860 

223 

334 

315 

782 

54 

957 

738 



^ olume 116 
Number 6 


CONTRIBUTORS TO VOLUME ii6 


Lampson, R Starr, Haitford, Conn ^67 

Lai 1 IN, Berion, Scaisdale, N Y 700 

Lestrohan, Paul, San Fiancisco, Calif 6 

Lewis, Kenneth M , New York, N Y 623 

Lewis, Raymond W , New York, N Y 891 

Lewison, Edward F, Captain, M C, Washington, DC 31 1 

Lichtenstein, Gemma M , Chicago, 111 928 

Long, Leonard, Bluffton, Ind 470 

Lundquist, Dell Theodore, Palo Alto, Calif 952 

MacAusland, W Russell, Boston, Mass 293 

MacFee, William F, New York, N Y 687 

Mage, Sigmund, New York, N Y 729 

Mason, James B , Ft Lee 342, 795 

Matheson, N M , London, Eng i 

May, Hans, Philadelphia, Pa 297 

McCarrell, Jane D , Boston, Mass 658 

McClure, Roy D , Detioit, Mich 98 

McCorkle, H , San Francisco, Calif 223 

McCullagh, E Perry, Cleveland, Ohio 61 

McKittrick, Carl A , Ann Arbor, Mich 553 

McLaughlin, Edward Francis, Philadelphia, Pa 184 

Meirowsky, Arnold, Albany, N Y 763 

Milch, Henry, New York, N Y 282 

Mirizzi, Prof P L , Cordoba, Argentina 360 

Moore, Richmond L , New York, N Y 373 

Mossberger, Joseph I, Capt, M C, Fort Bliss, Tex 933 

Moyer, Carl A , Ann Arbor, Mich 553 

Mullen, Thomas F, San Fiancisco, Calif 6 

Munroe, H Stokes, Jr, Chailotte, N C 751 

Murray, Margaret R , New York, NY 26 

Nelson, O A , Seattle, Wash i59 

Nichol, William W, Major, M C, San Francisco, Calif 942 

Nickel, William F , Jr , New York, N Y 19 

Oppenheimer, Gordon D , New York, N Y 141 

Pack, G T , New York, N Y 7^, 9^4 

Parker, Edward F , Charleston, SC 355 

Pearse, Herman E , Rochester, N Y 77^ 

Phelps, Doris, Nashville, Tenn 604 

Phemister, Dallas B , Chicago, 111 610 

Pilcher, Lewis S , Newton, Mass 827 

Plaut, Jules Alan, New Haven, Conn 43 

Pritchard, J E , Montreal, Can 641 

Pulaski, Edwin J , New Yoik, N Y 217 

Rankin, L M, Upper Darby, Pa 93 1 

Ray, Bronson S , New York, NY 231 

Reed, Francis A , Chicago, 111 ^74 


V 



CONTRIBUTORS TO VOLUME ii6 

Rcich, Naiiianiel E, Brooklyn, N Y 
Rhoads, C P , New York, N Y 
RiENiiorF, William F, Ballimoie, Md 
Rigdon, R H , Memphis, Tenn 
Riley, Richard L , New Yoik, N Y 
River, Louis P , Chicago, HI 
Rowe, M John, Jr, Long Beach, Calif 

Si John, Fordyce B , New York N Y 
Savitsky, Naihan, New Yoik, N Y 
SciiACHiER, Rubin J, Chicago, III 
ScHRANiz, F S, Memphis, lenn 
Sealy, W C , Durham, N C 
Sewell, Roberi L, Rocheslei, N Y 
Shackelford, Richard T , BalHmoie, Md 
Shapiro, Shepard, New Yoik, N Y 
Sherman, Irwin, Baltimore, Md 
Sherwin, Benjamin, New York, N Y 
SjAARPEAiA, FIendrikus, Los Aiigelcs, Calif 
Smitpi, Simmons, Cleveland, Ohio 
Speed, Kellogg, Chicago, 111 
Stader, Otto, Ardmoie, Pa 
Standard, Samuel, New York, N Y 
Starr, Arnold, Boston, Mass 
S TEiNER, Charles A , Philadelphia, Pa 
Stout, Arthur P , New York, N Y 
Sutherland, Ross, Los Angeles, Cahf 
SwARTLEY, William B, Philadelphia, Pa 
Sweet, Richard H , Boston, Mass 


Annals of Surgerj 
December 1942 

137 

924 
481 
122, 430 
127 

40s, 874 

950 

217 

821 

610 

122 

851 

155 

864 

175 

481 

175 

452 

337 

81 

623 

816 

574 

147 

26, 801 

950 

184 

566 


Tarnower, Herman, Scaisdale, N Y 7°° 

Taylor, Frederic W , Indianapolis, Ind 426 

Tui, Co, New York, N Y 4^2 

Turell, Robert, New York, N Y 637 

Valk, H L , Winston-Salem, N C 860 

Veal, J Ross, W^ashington, D C 259 

Warren, Shields, Boston, Mass 882 

Watson, William L , New York, NY 86 

Weeder, S Dana, Philadelphia, Pa 184 

Weeks, Carnes, New York, NY 251 

West, John Pettei, New Yoik, NY 19 

Wheelock, Mark C , Boston, Mass 882 

WiLLiER, B H , Baltimore, Md 598 

Womack, Nathan A , St Louis, Mo 34 

Wylie, Robert H , New York, NY 127 


Young, Forrest, Rochestei, N Y 
Zeman, Erwin, Lt M C , Ft Lee 


VI 



ANNALS OF SURGERY 

VOL 116 JULY, 1942 No 1 



SYMPOSIUM ON TUMORS 

INVASION OF THE BONY PELVIS BY CARCINOMA OF THE 
CERVIX UTERI AS A CAUSE OF PATHOLOGIC 
CENTRAL DISLOCATION OF THE HIP 

J R Elder, MB, Ch B , and N M Matheson, F R C S 

London, England 

FROM TIIF CI-NTRVL MIDDLESEX COUNT! HOSPITAL, LONDON, FNGIAND 

In a Hunterian Lecture, in 1923, C A Joll stressed the fact that 
squamous cell tumors have a strong tendency to give 1 ise to secondary gi o\\ ths 
m the skeleton, and, in suppoit of this contention, quoted examples m which 
the primary neoplasm was m the uteius, tongue, esophagus soft palate and 
penis Carcinoma of the ceivix uteii gives rise to metastatic deposits m bone 
less often than tumois of the coipus, which, accoiding to Ewing, Willis, and 
other authois, form distant metastases in 5 pei cent, 01 more, of fatal cases 
Turner and Jaffe (1940) found eight cases with skeletal metastases 111 a series 
of 99 patients with cervical growths, but this must be 1 egai ded as an unusually 
high numbei In postmoitem leports on laige series of cases, such as those 
compiled by MacCoimack (1909), and Albers-Schonbeig (1893), skeletal 
deposits are estimated to occur in less than one per cent We have not our- 
selves observed a case As a source of skeletal metastases caicinoma of the 
ceivix uteri may be regarded as of mmoi impoitance 

During recent yeai s, the invasive powers of cancer in closed ca\ ities have 
leceived special emphasis These aie well demonstrated by the tumors at 
the thoiacic inlet, fiist described by Pancoast, which, by involving the struc- 
tures at the root of the neck 111 a neoplastic mass give rise to the s}ndrome 
which beats his name A sti iking and constant roentgenologic feature of 
these growths is that they in\ ade the^uppei ribs and occasionally the vertebral 
column The object of the present communication is to diaw attention to 
the effects of similai dnect invasion of the pelvis in the late course of carci- 
noma of the cervix, of which little notice has been taken hitherto Tins local 
destiuction is not of uncommon occuuence, and its consequences may con- 
tiibute laigeR to the clinical picture 
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It has been staled by Wanen, Hams and Graves (1936) that caicinoma 
of the piostcUe invades the bones of the j^elvis by extension along- tlie peii- 
neuial lymphatics, and Meigs and Jaffc (1939), and Austei and Sala (1940), 
have aigued that caicinoma of the ceivix may leacb them m the same way 
The expel iments of Batson (1940) have shown, beyond doubt, that caici- 
noma of the prostate is distiilnited to the bones of the spine and pelvis by 
the venous system It seems, equally beyond doubt, that caicinoma of the 
ceivix attacks the pelvic wall as the final stage m a continuous lateral spread 
\bctor Bonney has repeatedly stressed the impoitance of the nodes high up 
111 the obturator fossa, in the lymphatic spread of carcinoma of the cervix, 
and It IS 111 then neighborhood that skeletal invasion by direct extension 
begins and reaches its maximum The mass of nodes, when it attains large 
size, may be felt po vagina in, and its outline may, occasionally, be seen in 
loentgenogiams The region of the acetabulum is most usually affected, but 
local extension in other directions ma} destroy other portions of the pelvis 

In the ultimate stage, also, pathologic dislocation of the hip, or pi oti nsio 
acetahiili, may take place, and this, in oui experience, is the most common 
cause of this rather rare event The fact that it may occur in this way is insuffi- 
ciently recognized Ilhngwoith and Dick (1941), for example, state that 
pathologic dislocation of the hip is always of the doisal variety, while Watson- 
Jones (1940) makes no mention of malignant disease as a factoi in its pio- 
duction Yacchelh, quoted by Watson-Jones (1926), lecoids the occurrence 
of cential dislocation in tuberculous disease of the hip, but we have not found 
mention of it in tlie present connection In the cases of which notes aie 
appended, central dislocation due to destiuction of bone in the region of the 
acetabulum is shown at various stages of its development It is perhaps 
relevant to note that ovei the consideiable period in which these cases weie 
observed the only instance of traumatic dislocation of the hip of any variety, 
that came to our notice was of cential dislocation in association with jiagilifas 
ossnini 

Pain in these cases is often extiemely severe, and appears to be due to 
implication of the saci ococcygeal plexus 01 the obturator neive in the malig- 
nant process, though in advanced cases the lesion in the bone must make a 
laige contribution While it must be admitted that the grossest degiees of 
bony destruction aie not very fiequenti)'^ seen, it seems equally tiue that this 
IS only because so many patients die from sepsis, hemoiihage 01 uiemia 
before these lesions have had tune to develop, and that loutine roentgenologic 
examination of the pelvis in cases of inopeiable carcinoma of the cervix 
would leveal it in its eailiei stages much moie fiequentl}^ than is appieciated 

CASE REPORTS 

Case I — The patient was 47 years of age Her illness began with vaginal bleeding 
two and one-half years before admission She was treated with radium followed by 
total hysterectomy m June, 1933, and remained fairly well for a >ear She then noticed 
several small lumps over the pubis, and had furthei radium treatment, which was re- 
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peated in October, 1934, and, again, in June, 1935 She fell and hurt her right hip, Sep- 
tember 24, 1935, two da3's befoie hei admission 

She was found to be 111 poor general condition Seveial small masses were palpable 
above the pubes on each side of the midline Movement at the right hip was slight, and 
extiemely painful She died eight days later. 



Fig I — Case i Roentgenogram of pelvis, show Fig 2 — Case 2 Roentgenogram of 

mg the outline of a neoplastic mass in relation to the pelvis showing outline of neoplastic mass, 

right acetabulum, invasion of the adjacent bone, and decalcification m acetabular region, and im 
central dislocation of the hip pending central dislocation 



Fig 3 — Case 3 Roentgenogram of pelvis. Fig 4 — Case 3 Roentgenogram of pel 

showing commencement of carcinomatous iniasion \is, showing gross degree of destruction, with 

impending central dislocation of the left hip 


In the roentgenogram of the pelvis (Fig i) the outline of a neoplastic mass, in rela- 
tion to the right acetabulum and obturator foramen, is clearlj'^ seen There is decalcifica- 
tion and erosion of the bone in the region of the acetabulum and the ischium, with central 
dislocation of the femoral head 

Case 2 — The patient, age 61 was admitted, Julj ii, 1936 complaining of vaginal 
bleeding for nine months and urinaij’- incontinence for three davs She had been m 
severe pain of a “bearing-down” character for a month She was found to have an 
indurated ulcer leplacing the cervix and involving the fornices and the vaginal walls, 
and infiltrating the tissues on the light side of the pelvis Her pain became a£;oni7ing, 
with radiation along the distribution of the obturator nerve She died August ir, 1936 
In the loentgenogram (Fig 2) the outline of the tumorous mass is again apparent 
The light acetabular region is invaded and decalfication has proceeded to a considerable 
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1 K 5 — C ISC 4 Uocntj,cnot,i im of pcKis showing pitlioloKic fricturc in the 
ici,um of the icctniinlum 



piG, 6 — Cpse 4 Photograph of gross specimen obtained at autopsj showing tumor tissue 
lUvpding the base of fhe gcetahuliunt 
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degree It is evident that a comparatively small force applied to the trochanter would 
produce central dislocation of the femur 

Case 3 — The patient, age 39, was admitted, December 7. 1939, complaining of 
swelling of the left leg for six weeks A carcinoma of the cervix was treated with 
radium m 1935, followed by three doses of deep roentgenotherapj She had been well 
until tbe leg began to swell No mass could be felt in the pelvis One month later, the 
pain had become severe, commencing in the left sacrosciatic foiamen and radiating to the 
foot A tender, diffuse mass could be felt pci vagmam, high on the left side The cervix 
appeared healthy, and the uteius was small and mobile A roentgenogram taken at this 
time (Fig 3) show's commenemg invasion of the ileum Much relief w'as obtained bj' 
endothecal injection of alcohol, but for a short time only, and this w'as repeated on several 
occasions The patient’s condition gradually became w'orse, wuth steady enlargement of 
the neoplastic mass and progressive destruction of the pelvic w'all The pain m the leg 
was excruciating at times, and w'as relieved only by division of the spinothalamic tract 
and, finally, April 4, 1940, by partial chordotomy Tbe patient died, June 21, 1940 

The last roentgenograms of the pelvis, wdiich it w'as possible to secure (Fig 4), was 
taken five w'eeks before death, and show's a gross degree of destruction, wuth impending 
central dislocation This actuall}' took place three w'eeks later, wdien the patient turned 
in bed 

Case 4 — The patient, age 61, w'as admitted, February 7, 1941, complaining of pain 
m the back for six months She had had deep roentgenotherapy for carcinoma of the 
cervix in October, 1940 There w'as a large neoplastic ulcer m the region of the cervix, 
with palpable extension in the right side of the pelvis She complained of severe pain 
m the right hip and leg fiom shortly after her admission until her death, wdnch took 
place June 17, 1941 No injuiy had occurred 

A roentgenogram (Fig 5), obtained postmortem, show's a pathologic fracture in the 
region of the acetabulum The opacity in the lumbar vertebrae is not a metastasis 

At autopsy, tumor tissue w'as found to infiltrate the w'hole inner membrane of the 
pelvis, especially on the right side, and to involve the region of the right acetabulum, 
W'here the bone (Fig 6) w'as infiltrated w'lth w'hitish tumor tissue 
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UROLOGIC COMPLICATIONS OF CANCER OF THE RECTUM^ 

Thomas F Mullon, M D , 

AND 

Paul Lustrohan, M D 
San Fkancisco, Cauf 

moM Tin i)fP\UT\iFST oi stiiruii iM\msiT\ oi riinoiiNn MHiim sciiooi s\n nusnsro ctui 

A STUD\ of ilie lecoids of patients suftenng fiom cancer of the rectum 
leveals an unusiiall}' high incidence of complications affecting the urinaiy 
system ^^^nle many of these become evident only aftei operation, they are 
frecpiently piesent before It is difficult, however, to evaluate these pre- 
opeiative urinaiy symptoms in many instances, because, m taking the history, 
there has been no definite attempt to elicit them Kickham and Bruce** found 
that 30 4 per cent of males and 36 7 pei cent of females, m the early operable 
group, had uiinary symptoms while in late or mopeiable instances of the 
disease, 60 7 pei cent of males and 46 6 per cent of females had disturbances 
of urination We have sciutmized the lecords of 93 patients in four different 
hospitals and find that 50 pei cent of them presented symptoms of urinary 
difficulty upon admission In a large number of the lemaming 50 pei cent, 
there was no recoid of intei rogation in this regard This group of 93 patients 
comprised 60 males and 33 females, the aveiage age was 58, the youngest 
being 23 and the oldest 78 Thus, the gi eater part of them wei e m the age- 
gioup when such symptoms as noctiiiia, difficulty m urination, alteiations m 
the uimaiy stream, pain and buining upon urination and other symptoms of 
cystitis are commonly present A ceitam number of the males have latent 
obstruction at the neck of the bladder from vaiious causes, the commonest of 
which IS benign hypei trophy of the prostate and piostatitis Engel- found 
this to be true in 5 per cent of 190 men operated upon at the Cleveland Clinic, 
and FelP states that 12 out of 64 (18 per cent) of his group gave a prostatic 
history In the group making up oui study, the prostate was said to be en- 
larged in 29 per cent of those m whom the condition of the gland was noted, 
but m 50 per cent of the lecords the prostate was not mentioned, and the 
residual urine was estimated m only two In the females, the condition of 
the anteiior vaginal w'^all and the position of the bladdei \vere not especially 
noted in 21 out of 33, m the remaining 12, maiked cystocele and piolapse, 
causing pronounced difficulty 111 uiination, w'as found in three 

More careful questioning and examination probably would have revealed 
a greater number of pei sons in this group who w^eie potential candidates foi 
urinary complications, if they actually were not having symptoms at the time 
It seems that the discoveiy of such a serious disease as cancel of the rectum 
overshadows these other conditions, both in the mind of the patient and 111 

* Presented before the Sixteenth Annual Session, Pacific Coast Surgical Associa- 
tion, Los Angeles, Calif, February 19, 1941 
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^ umber 1 

the attention of tlie physician In addition to these oidinary causes of urinaiy 
symptoms, die neoplasm of the lectum is, itself, a fiequent cause, and with 
the advance of the disease the symptoms become moie numerous and moie 
maiked The close anatomic lelationship of the bowel and the uiinary 
passages, with the tendency to penetiation of the coats of the bowel, increasing 
Its permeability to a septic content and causing adheience of stiuctuies aie 
factois 111 the etiology of these symptoms Theie may be external piessuie 
of a tunioi, causing distoition of the ureter, bladdei, oi uiethia, or vaiiable 
degiees of nan owing up to actual obstiuction Ulceiatmg growths on the 
anterior wall of the lowei half of the lectuin aie most liable to cause trouble 
In Kickham and Biuce’s® series theie was evidence of extiavesical piessuie 
37 5 pel cent, and actual bladdei mvolvenient in 25 per cent In oui 
study, since cystoscopy was undei taken 111 only two instances, we aie unable 
to state the peicentage of cases m which external piessure with distortion 01 
obstiuction was present Howevei, theie was definite attachment to the 
bladder m foui, the piostate 111 nine, urethia m one, and the vagina m thiee 
The location of the neoplasm is shown in Table I 

Table I 

LOc\noN or neoplasm 


upper rectum 

No of 
Cases 
48 

Lower rectum 

42 

Not stated 

3 

Anterior wall 

26 

Posterior wall 

17 

Not stated 

SO 

Attached to 

Bladder 

4 

Prostate 

9 

Urethra 

T 

Vagina 

3 

Sacrum 

I 


Examination of the urine befoie opeiation levealed pus cells in 38 pei 
cent Red blood cells weie piesent m variable amounts m 16 pei cent, there 
was one instance of fiank heinatuiia Bacteiia weie piesent in 12, of these 
only one was cultuied, a sti eptococcus being lecoveied 

Table II 

URINE BFroRE OPERATION 


White Blood Cells 


Under lo to H D F 

57 

Over 10 to H D F 

36 

(ro to loaded) 


Red Blood Cells 


Present m 

15 

Bacteria 

12 

Cultures — streptococci 

1 


We feel that a moie detailed histoi}^ would have levealcd an e\en highei 
incidence of uiinaiy s}mptoms upon admission and that examination of the 

7 



MULLEN AND LESTROHAN 


Annals of Surgcrj 
J u 1 5 19 4 2 


urinary tiacl with special emphasis on the detection of latent obstruction of 
the hladdei neck should be undei taken in every case Since symptoms of 
obstruction may later be due to opeiative neive mjuiy, it is desirable to have 
ruled out, and collected, any othei cause of obstiuction m order to avoid 
confusion and misdiiected tieatment The moie fiecjuent use of the cysto- 
scope pieopeiatively, and loutine iiimc cultures give mfoimation that helps 
to pi event the corn])! i cat ions that occiii aftei operation The preoperative use 
of 111 man antiseptics and iiiigation ot the hladdei has the combined advan- 
tage of accustoming the uiethia to the passage of a cathetei and lessening the 
degree of infection Dining the time of prepaiation for ladical removal of 
the rectum, suigical collection of bladder-ncck obstruction might be under- 
taken. and attention given to infected, sagging bladders m the female The 
piacticabihty of piehmmaiy jnostatic suigery is stiessed by Kickham and 
Biuce*’ who emphasize the fact that “A pieviously compensated bladder m 
the piesence of obstiuction may lie piccipitated into complete retention by 
weakening of the detuisor ’ (by inleiference with vesicle innervation) 
EngeU also lecommends relief of obstiuction at the Idadder neck first m 
patients who have disuiia and aic apjiioaching operation for cancer of the 
1 ectum 


1 \mi HI 

I R1 01 LItXIIM URIN\RS S\MnOMS 9JI\TI4NTS 

No symptoms related to the urmar> tract 


mentioned in the history in 47 

Symptoms present in 46 

Nocturia 21 

Dysuria 13 

Pam and frequency 10 

Burnins on urination S 

Difficulty startinf, stream 1 

Slow starting stream 2 

Small stream 2 

Urgency 2 

Discomfort in bladder i 

Hematuria i 


I \ \MIN \TION 


Prostate enlarged 9 

Not enlarged 22 

Not mentioned 29 

Residual urine estimated in 2 

Cystocele 1 

Cystocele and prolapse noted as not present in » 9 

Not mentioned in 21 

Cystoscopj 2 

Blood chemistry 23 

Renal function dye excretion 60 


Postoperative Complications — The fiequency of serious urinaiy difficulty 
after radical removal of the i ectum has often been lemarked, but is not 
generally appreciated Hill, Barnes, and Courville^ state that in answer to 
a questional! e sent out by them, 32 surgeons reported an instance of 50 per 
cent of vesical dysfunction following lesection, 20 reported it in tuo-thirds, 
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or more, of their patients and seven reported its occurience in lOO pei cent of 
then cases Kickham and Bruce cpiote Cattell as saying that over 75 per 
cent present such complications and Whipple^^ says that “Fiank urologic 
complications occuried m 50 per cent of his cases of radical resection” In 
the piesent study, the incidence was 64 pei cent, complications occurring in 
38 males and 18 females The operations perfoimed weie of -vaiious types, 
and m 67 pei cent spinal anesthesia was employed, the lemamder being 
gcneial, with one local 

Table IV 

T\Pn or OPCRATIOV 


Operation in 87, no operation s, radium i 
Abdomino-penneal resection 

1 stage 35 

2 stages P 

Posterior resection — Kraske 7 

Colostomy posterior resection — Lockhart-Mummery 14 

Hartman operation z 

Colostomy iS 

Local c\cision 3 

Penneo-abdominal resection i 

Resection and end-to end anastomosis 1 

Transfusions in . 64 


tSbbTHESIA 

Spinal 59 

General 27 

Local 1 

Operations were performed by a number of surgeons — in four hospitals 


Table V 

I OSTOPER vrn E urologic complications 64 per cln i 
Males 38, Females 18 


Retention 5d (64%) 

Cystitis z 8 (33%) 

Pyuria 30 (35%) 

Pam burning distress I7 (i9%) 

Dysuria 2 

Hematuria 2 

Epididymitis 2 

Frequency i 

Anuna i 

Incontinence i 

Atonic bladder i 

Pyelonephritis i 

Edema of penis and scrotum i 

•*' Neurogenic bladder i 


* (Male, age 48 Adenoca just inside anus Abd Per 
Resect I stage, Spinal anesth Catheterized four 
months) 


These complications following operation aie due to one or all of fotii 
factors 

First, diiect injury to the tract This occurred in two instances in this 
gioup, one, an intentional paitial resection of the uiethra, the other, an unin- 
tentional injury to the uiethra with subsequent perineal urinary fistula Such 
accidents may be unavoidable m the difficult dissection that is sometimes 
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entailed, and the only piecaution that can he taken is to identify the stuic- 
tuies caiefiilly A gieat aid to this is the piesence of a cathetei in the iiiethra 
01 the uieteis, as the case may be, dining opeiation Theie is always con- 
sideiahle leaction in the base of the bladdei and the iiiethra when close dis- 
section IS necessaiy, sections of the bladdei wall show this in the foiin of 
ecchymosis, thioinhosis of small vessels, and infiltiation with mflammatoiy 
products aftei a few days 

Second, loss of the su])poi ts of the bladdei m the desti uction of the pelvic 
flooi with postopeiative sagging of the bladdei into the large posterior dead 
space, which is always infected This causes ])oolmg of the mine in the 
hanging sac of the bladdei which soon becomes infected in eveiy case Leich 
quotes Hochenegg and Heyiovski, who showed direct extension of bacteria 
into the intact bladdei aftei operation Postopeiative packing of the posterioi 
wound will help to pi event this, hut the pack must be left long enough to 
peimit the bladder to become fixed Unless the pack is held in place by some 
sutuies It cpiickly falls out and piolapsc of the bladdei occuis 

Thud, the necessity foi postopeiative cathetei i7alion, with the almost in- 
evitable infection that follow'S Fell* states that 25 to 30 pei cent of patients 
will void spontaneously, in this gioup, 32 pei cent voided noimally in the 
fiist 24 houis, 68 pel cent w^eie cathetei i/ed, mteimittently 111 27 pei cent 
and by a letention cathetei in 41 per cent 


TAncn VI 

INCIDENCC OF CATHETLRIZATIO'I — 68 ) I R CCST 


Voided normally in first 24 hours 


27 ( 32 %) 

Intermittent catheterization m 


24 (27%) 

Dura'ion 

Average 

10 days 


Longest 

32 days 


Retention catheter in 


36 ( 41 %) 

Duration 

Average 

IS days 


Longest 

120 days 



In one hospital, it is loutine piocedure to place a letention cathetei in all 
cases, so that in all of then patients retention must be said to have occui i ed 
In foul or five days the cathetei is lemoved and the patient is stimulated to 
tiy to void, if unsuccessful the catheter is replaced In another hospital, 
inteimittent catheterization was employed twice as often as w^as a retention 
catheter, and in the two other hospitals the two methods w'ei e employed about 
equally It is to be lemaikecl that postopeiative ordeis in regaid to cathetei i- 
zation were \ery variable, and m only one of the institutions were there 
definite and specific oideis as to who w'as to cathetei ize, and as to when, and 
how it was to be done Such oideis as “If unable to void cathetei ize,” “If 
distended cathetenze,” oi “If in pain cathetei ize” were noted, and indicate a 
lack of appieciation of the damage that can be done to the bladder by ovei- 
distention and infection This has been showm by Munio and Hahn® in 
their study on tidal diainage 
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Table VI I 




Hospital 

No of Cases 

Voided 24 hrs 

Retention 

Intermittent 

Cystitis 

Pyuria 




Catheter 

Catheter 



A 

25 

2 

23 

0 

14 

19 

B 

24 

10 

7 

7 

S 

4 

C 

25 

II 

5 

9 

5 

5 

D 

13 

5 

3 

5 

4 

2 


In hospital A, theie were frequent examinations of the urine after opera- 
tion, in the othei hospitals, theie weie a laige number in which this was not 
done, so that the incidence of pyuiia and cystitis is undoubtedly higher 


Tabi e VIII 

URINE TFR OPERATION 


No record of examination 

47 

V hite blood cells 

Less tha- 10 to H P F 

II 

More than 10 to H P F 

35 

(40-50 - 1 oo-loaded) 

Red blood cells 

2 h 

Bacteria 

19 


Cultures 6 

Streptococci, B coh, rods and chains, gram- 
negative rods, COCCI 

One man catheterized 34 days had but one urinal- 
ysis Another for 14 days until death had one 
examination 


It IS needless to say that ever}' time a cathetei is passed, especially into a 
damaged bladder, the possibility of infection again presents itself, and the 
indwelling cathetei should be employed only with continuous tidal drainage, 
with occasional peiiods of rest foi the urethia Diikes^ showed that pyuria 
appealed punctually in six to eight days m all women, and m 14 men, in 
whom a retention catheter was employed without tidal diainage In the 
majority, this lasted foi seveial weeks and in some for months Two or 
thiee days before pus appealed, staphylococci were lecovered m pure culture 
and a little latei cultuies showed mixed growths of B coh and staphylococci 
His cases weie studied by daily micioscopic examination of the mine and 
frequent cultures, m older to answer the question “Has the patient escaped 
urinary infection^” It is lemaikable that in so large a number of the cases 
studied by us (47 out of 87), theie was no lecord of ui analysis aftei opeia- 
tion Whipple^- says that if adequate investigation of the urine weie earned 
out in all cases, the incidence of cystitis aftei opeiation would be found to 
be 100 pel cent 

Dukes uses a foim foi the recoiding of the incidence of pus cells as follows 

100,000 

10,000 2 

1,000 I P^«‘' 

100 I 

jQ I Excessive leukocytes 
Q } Normal 

The comparative merits of letention and intermittent catheterization has 
caused some debate Many authoiities place an indwelling catheter in the 
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bladdei befoie oi at the end of the opeiatioii, and leave it in foi fiom foiii to 
five days to two weeks Aftei this period, inteimittent catheterization is 
peisisted in until there is no longei any icsidual mine FelU says that T E 
Jones has given up tiie use of a i etention catiietei and thinks that it is best to 
catheteiize thiee oi foiii times a day, liavmg found tliat this plan leads to 
fcwei complications David also piefeis inteimittent catheteii/ation, feeling 
that It causes less tiauma to the uiethia and is moie comfortable foi the 
patient 

Fouith, Injuiy to the Nerve Supply oi the Bladdei — Why, out of a senes 
of cases having the same tyjie of opeiation, some will develop seiious vesical 



HaTily 


I'k I — The clonci nncl it's ner\c sii|)i)l> (Ueilin\n 
from ‘A Alelhod of Arntoni}’'. |n f Q Bnilc iii Grint 
Willnms mil \\ ilKins Co Publishers ) 

disabilit}'^ and otheis will escape, has been an intriguing question It must 
he a question of anatomy, probably of fascial hai riei s and cleavage planes 
Grant,^ in his Method of Anatomy, sa)'s that m lower forms the cloaca 
opens onto the skin surface thiough an opening guaided by a sphincter of 
striated muscle In man, a septum of inesodei m, the urorectal septum divides 
the cloaca into an antenoi and a posterior part , this also occui s to the cloacal 
sphmctei, the antenoi part becoming the tiansveisus pennei, bulhospongiosus, 
ischiocavernosus, and the uiogemtal diaphiagm, the postenor part becoming 
the sphincter am externus Foi these leasons, one neive, the pudendal, a 
mixed nerve, supplies all of the muscles into which the cloacal sphmctei 
divides as well as the skin about the orifice The bladder and the rectum, 
for this reason, have a common neive supply also, consisting of the pelvic 
splanchnic, which is parasympathetic, and most important, the hypogastric 
plexus, which is sympathetic, and the pudendal which is somatic The pelvic 
splanchnic and the pudendal both arise from the second, third, and fourth 
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sacial segments, the pudendal is a mixed nerve which supplies voluntaiy 
muscle including the sphmctei am externus and the sphmctei uiethrae The 
pelvic splanchnic, neiMis eiigens, is a mixed paiasympathetic iieive, it sup- 
plies the unvoluntaiy muscles guaidmg the lectum and the bladdei, the 
sphincter am nit emus and the sphirtctei vesicae, as well as the detiusor 
muscle m the bladdei wall As it also supplies the aiteiies of the eiectile 


Urelci 


Upper 6roup oP 
Contraction 




^roup o{ 

hypo6aalriC plexus 
Subsidcnco o{ erection 
Semindl emis^ton 


ProstaVc 


erf 

Iwpo^a^nc plexus 
IncompWe erccliorM Hl^l 


Lower ^roup 
lat 


Pc ni9. 


Complete ercctloK' 



C xf^mpathetic trunK 
j ]5u\3Sidence or ere 

/Contraction of 

1 retractor penis 


reclion 


’^Contraction of vasa 
vSeminal emission 


Nervus liypcoostricus 
, Sutsidence ot’creclion 
VContracfion of retractor 
'-SRpenis £ vas3 deferentia 
Seinma emission 


^ > — Veiy slight erection 

►iv^VcoTnplete erection 
Cjaculatio 




MietuMlion 
Slight erection 


hJer>/u5 pudei dus internua 
Subsidence of erection 
Contraction of retractor penis 
Ejaculation 


“Dorsal nerve of penis 


Anus 


Tio 2 — Pehic ner\e suppU in the cit (Redi iwn fioni ‘ Ph><iiolog\ 
of Micturition’ In L uigworthj , Kolb and I eni)! " AVilh'ims and M ilkiils 
Co , Publishers ) 


tissue of the penis and the chtoiis, causing then lelaxation and election, it is 
called the neivus eiigens The afteient and the efferent fibeis foi the bladdei 
aie, theiefoie, m the paiied pelvic splanchnic neives, and foi the methra, in 
the paned pudendal neives The sympathetic fibeis to the bladder tiavel by 
the mesenteiic, h 3 qDOgastric and pelvic plexuses The sympathetic tiunk 
passes down on the bodies ot the veitebiae behind the common iliac alter}' 
to leadi the pelvis, liianches pass from this tiunk to the inter mesenteiic 
plexus, which extends down to become the hypogastiic plexus or piesacral 
iieive This neive lies below the bifurcation of the aoita, m fiont of the left 
common iliac vein and the piomontoiy of the sacium, on each side blanches 
descend in fiont of the sacinni, as the light and left pehic plexus and are 
joined by blanches of the pelvic splanchnic 

The lelations of the pelvic splanchnic aie of much gieatei impoitance in 
1 elation to the subject nndei discussion Giant^ says that the} are most 
easily found by “passing two fingeis dowm in fiont of the bod} of the sacrum 
and easing the rectum foi waul the fingeis wnll occup} a little pouch which 
IS bounded on each side by an ai eolar fold which contains the nervus erigens, 
and conducts it from the sacial foraminae to the side of the rectum.” On 
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Tie 



each side of the lectum, it joins the pelvic synijiathetic of the same side and 
so becomes mi'^ed sympathetic and paiasympathctic It foims a dense net- 
woik, applied to the medial side of the vessels that limit tlie retiopiibic 

sjiace jiosteiioily on each 
side, and is distiibuted to 
tlie pelvic visceia with tlicse 
vessels As It passes in 
tiom the paiietcs to the ms- 
ceia the neivc is in thiec 
jiaits a pioximal one, le- 
latcd to the liladdei , a mid- 
dle one, which supplies the 
incthia and the sex glands 
and a thud, oi distal one, 
which encivates the bowel 
(Langw'oithy. Kolb, and 
Lew IS ” w'ho also say that 
the autonomic system is 
piiiely motoi and passes in 
as distinct units, the paia- 
sympathetics ahvays lying 
lateial to the sympathetics) 
Division 01 destruction of 
the pai asympathetic fibei s 
leads to an inability to 
cm])ty the bladdei, there is 
loss of normal tone and con- 
ti action, and the mjiny may 
be iinilateial or bilateral 
The bladdei w'all becomes 
hypei ti opined and changes 
in the mucosa, due to infec- 
tion, occur Langw^orthy 
Kolb, and Lewns believe 
that the sympathetic fibei s 
have vasoinotoi and sexual 
functions in i elation to the 
bladdei and uiethia, and 
that then activity is not 
necessaiy for noimal mic- 
tui ition 

It w^ould seem that the uiinaiy dysfunction follownng excision of the 
lectuni IS usually due to injui}’’ to the pai asympathetic neive supply It 
larely occuis dm nig the abdominal stage of the operation, and is laiely due 
to the encroachment of the tumor itself upon the nerve structures It is 

14 


Common Zhac 

aT*tor*y 

Extonnal ilmc 
fLT>toT»y 4r>d vetn 


OblAeratPd umbiUu 
drier* 



iP;pjformu% m 


:occygou» ro 


Xoveitor dm m 


Vetecular etalK to viocora 1 mvta Betiuad pooVcriorly and 

pelvic ple>suo of nerves dpplic<l toil poefcpiopjy 

1 10 4 

Tig 3 — The iieive supplj to the bl uldei ^nd urethn 
(Redrtwn from ‘ A Method of Anatomj ’ bj J C Boileau 
Grant Williams and W'llkins Co , Publishers ) 

Pic 4 — Redrawn from “A Method of Anatoma” b> 
J C Boileau Grant W^ilhanis and W^ilkins Co Publishers 




^oIume IIG 
Is umber 1 


UROLOGIC COMPLICATIONS OF CANCER OF RECTUM 


clunng the penneal oi posteiior lesection that the nijuiy usually occuis It 
IS at this stage that the pudendal neive, also, is injured and, although it lies 
lateial to the usual line of incision, it may be injuied by actual division oi by 
ti action Its injuiy, oi division, leads to incontinence, of which one instance 
occuiied in this gioup Mixed t3^pes of dysfunction can occiii and aie due 
to vaiious degiees of injury to seveial of the neive pathways 



Descriptions of the pelvic fascia aie difficult to undei stand, because it is 
not laid out in definite flat sheets, but covers the vaiious pelvic visceia in 
diveiging planes and angles It is, howevei, piobably due to a misconception 
of the distiibution of the pelvic fascia that these injuiies occur There are 
foiii layeis of fascia between the bladder and the lectum, accoiding to GianU 
A layei clothing the base of the bladdei , a la3'^ei clothing the front of the 
1 ectum , and the two othei layers that clothe the seminal vesicles and the vas 
in fioiit and behind It is in the la3^ers on the posteiioi ^\all of the pelvis 
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that confusion exists Theie aie usually desciibed in this aiea, two layers of 
fascia, one on the face of the sacium and anothei clothing the posterior 
surface of the lectum Di John Saundeis, piofessor of anatomy of the 
University of California, believes that this is eironeous and teaches that the 
innei of these two layeis, usually described as the fascia propria of the 
lectum, IS in reality made U]) of two definite fascial sheets He has demon- 
stiated, to his satisfaction, in numerous dissections, and has apjihed the facts 
clinically in a numbei of cases of ahdominopei meal lesection Accoiding to 
his teaching, the pelvic splanchnic neives aie cairied m from the posterioi 
pelvic wall to the sides of the lectuni on the lateial aspect ot this middle 
layei, foiming the aieolai leash pieviously described h} Grant ■* Tf the 
coccyx is excised one comes down on to a thick fascial layer that is made up 
of the endopelvic fascia and the j^eiiosteum A vertical incision through this 
discloses a second layei that is usually consideied to be the fascia piopria of 
the rectum, hut if a second veitical incision is very caiefully made m this 
sheet. It c\ill be found to he made up of two layers of fascia, w'lth a definite 
cleavage plane betw'een them It is in this plane that the dissection should 
he carried lateially, m w^hich e\ent the pelvic splanchnic is pushed aside wnth 
the fascia and onlv those hi anches ending in the i ectum are destroyed When 
the dissection is carried laterally outside of this second, or middle layei, in the 
cleavage plane first encountered, the neives aie tom off the sacral forammae 
before the fascia can be mohih/ed with lesulting bladder paralysis of lesser 
or greater degree When the dissection is made m the pioper plane, the 
nerves can be seen passing tow'aid the bladder, like a cable acioss the dead 
space It IS probable that failuie to damage the neive supply m all cases is 
simply due to the fact that one has inadvei tently entered the propei cleavage 
plane 

In this series, theie w^as one instance m wdiich the diagnosis of neurogenic 
bladdei w'as made, m seveial others, how'ever, theie w^as seiious dysfunction 
with retention lasting foi several weeks, and it has been said that w^henever a 
patient is unable to void after five or six days there has probably been nerve 
damage In the diagnosis of nerve injury, one must take into consideration 
the possibility that spinal anesthesia may lie a factor Pierson and Twmmey® 
discuss this aspect of the pioblem of retention and cite cases follownng spinal 
anesthesia foi other opeiations in which pelvic nerve injuiy could not have 
occurred Theie w^as one instance of anuria resulting m death seven days 
after operation In this patient, a 48-3'eai-old male, there was involvement 
of the membranous urethra, which was resected and the divided ends anas- 
tomosed, as a part of the second-stage of an ahdominopei meal resection 
Postoperative investigation, and autopsy, showed that there had been no 
operative injury to the uiinary tract other than the urethral resection In 
this case, the pathologist lepoited that the neoplasm was primary in the 
prostate, although preoperative biopsy had been diagnosed as epidermo- 
of the rectum and careful urologic investigation had not altered 
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this opinion Kickham and Biuce^’ state that sometimes the dififerential diag- 
nosis between cancer of the piostate and caicmoma of the lectum is most 
difficult, and they have lepoited four cases of carcinoma of the piostate 
simulating pi unary malignant disease of the lectum The cause of the anuria 


Rectum 
ffelvic plexus 


Sacral plexus 


Branches of superior , 
haeTnorrhoioal artery 



V Inferior vesical - 
middle haomor 
rhoidal artery 

Pelvjo plexus 


^Lumbo sacral cord 
iind 1st sacral nerve 


Branches of auperior 
heemorrhoidal artery 


Fig 6 — The pelvic plexus and fascia (Redrawn from Cunningham ) 

was not determined, although spinal anesthesia, transfusion and leflex influ- 
ences were consideied 


CONCLUSIONS 

( 1 ) Symptoms relating to the urinary ti act ai e found in a high percentage 
of patients having cancel of the rectum These aie not only due to the 
neoplasm itself but to the othei causes of uiinary difficulty, that often occur 
in patients of this age-gioup Moie specific attention to these symptoms, 
preoperatively, is urged, especiallj^ in i elation to bladder neck obstruction 
and incomplete emptying of the bladder Investigation of the urine by micro- 
scopic study and cultuie should be undertaken in every case, both before and 
aftei operation 

(2) More seiious attention to the opeiation of catheterization with atten- 
tion to its details is imperative The advisability of the routine use of reten- 
tion catheters is questionable, as m one out of three patients normal urination 
will occui If retention cathetei ization is employed, it should always be ac- 
companied by tidal iiiigation 

(3) Urinaiy dysfunction should not be considered a necessary part of 
total pi octectomy Pieservatioii of the pelvic splanchnic distribution to the 
urinary and sexual appaiatus should be the definite intention of the surgeon, 
and special attention should be given to the anatomy of the posterior pelvic 
fascial planes An eftort to pi event pi olapse of the bladdei into the posterioi 
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wound should be made and every attention given to the pievention of its 
infection 
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PAGET’S DISEASE OF THE NIPPLE 
John Pettit West, M D 

AND 
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NEW YORK, N Y 

Paget’s disease of the nipple is not a common disease HaiimgtonJ m 
a leview of 4,628 cases of caicmoma of the bi easts, lepoits only 34 cases of 
Paget’s disease, an incidence of o 7 pei cent It is foi this reason, perhaps, 
that the seriousness of an eczema of the nipple is not always appieciated 

In 1874, Sii James Paget^ published an aiticle titled “On Disease of the 
Mammary Areola Preceding Cancer of the Mammaiy Gland ” He stated 
that “ceitain chronic affections of the skin of the nipple and areola aie veiy 
often succeeded by the foimation of sciiihous caicmoma of the mammary 
gland ” 

His classical desciiption of the clinical featuies of the disease, in the 15 
patients he had observed, is m jiait as follows “The disease began as an 
eiuption on the nipple and aieola In the majonty it had the appeal ance of a 
florid, intensely led, law suiface, veiy finely gianulai, as if veiy neaily the 
whole thickness of the epideimis weie lemoved, like the suiface of a veiy 
acute diffuse eczema Fiom such a suiface, on the whole 01 gieatei pait of 
the nipple and aieola, theie was always copious, cleai, yellowish viscid 
exudation 

“It has happened in eveiy case which I have been able to watch, cancel 
of the mammaiy gland has followed vithm, at the most, tivo yeais, and 
usually within one year The foimation of the cancel has not 111 any case 
taken place fiist in the diseased pait of the skin It has always been in the 
substance of the mammaiy gland, beneath 01 not fai removed fiom the dis- 
eased skin, and always with a deal inteival of appaiently healthy tissue In 
the cancels themselves, I have seen m these cases nothing pecuhai They 
have been vaiious in foim, some chionic, some acute, the majonty following 
an aveiage couise, and all tending to the same end lecuiimg if removed, 
affecting lymph nodes and distant paits, showing nothing which might not 
be wiitten in the oidinaiy histoiy of cancel of the breast” 

Because of the* lack of a histopathologic description by Paget, theie has 
been much confusion as to the tiiie natuie of the disease Kilgore^ states 
that to-day a definite histologic pictuie is lecognized, consisting of “epithelial 
hypeitiophy, subepithehal loiind cell infiltiation and Paget’s cells” Paget 
cells, so-called, aie laige edematous cells in the epithelium vacuolated and 
vith shrunken pyknotic nuclei MuiH ^ defines a Paget cell as a cancer cell 
gloving within a healthy 01 at least nonneojDlastic epithelium 
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Fic I — C nse i Eczein i of lupiile iiid iieoH of two jcirs 
(luntion K idicil iinsfectomj Nodes not nivoI\ed Well nine 
years 

Fic 2 — Case i Section through nipiile Manj Paget cells 
are seen in the epidermis (><275) 
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Accoicling to Ca5^1oi® there aie at the present foui chief opinions regarding 
Paget’s disease (i) That it is a deimatitis oi eczema of the skin, (2) that 
It IS a piimai)^ squamous cell epithelioma of the skin, (3) that it is a car- 
cinoma developing from the lactifeious ducts in the nipple and the suderiferous 
ducts of the skin, secondaiily involving the skin and bieast tissue, and (4) 
that It is a caicmoma beginning deep in the bieast and gi owing up along the 
ducts of the nipple and finally invading the skin 



Fit. 


Cheatle'^’ ® feels that the classic signs that Paget described are caused by 
more than one condition and that it is not correct to limit the diagnosis of 
Paget’s disease of the nipple to those states in which “Paget cells” are present 

Muir believes that Paget’s disease occuis only when intraduct carcinoma 
IS present m the supper poitions of the ducts in the nipple, and is due to the 
spread of the cancer cells from ducts to the epideimis by the intia-epithehal 
route 

Weinei® has published an excellent chionologic resume of the more im- 
portant hteratuie on Paget’s disease of the nipple He was particularly 
interested in the exti amammai form, and suggests that Paget’s disease of 
the skin is the intra-epidermal metastasis from an underlying carcinoma of 
the apocrine sweat glands 

Ewing^® states that “Paget's disease is a specific, chionic, progressive 
disease of the mammaiy nipple and adjoining skin, which is closel} related 
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to, and almost invariably followed by, caicinoma It is probabl} to be inter- 
pieted as a precanceious affection at first, limited to the epidermis and the 
gland ducts, but latci becomes true carcinoma The writer’s conclusions 
regarding the nature of Paget’s disease aie influenced by clinical characters 
as well as histologic studies, which indicate that theie aie two clinical varieties 
One finds a typical gioup of cases in which there is no definite tumor of the 
bieast but a slowl} piogrcssive ec/ematous lesion affecting the epidermis about 
the nii)]dc, not extending deeply into the ducts but sjireadmg wudely o\er 



Fig 4 — Case 2 Fezema of nipple and surrounding skin of one 
>ears duration Kadica! mastectonij Nodes not in\oUed 


the skin, wuth a favorable prognosis undei tieatment Conti asted with these 
cases are others in which, from the fiist, theie is a carcinoma of ducts or 
parenchyma, a limited involvement of skin, a diffuse invasion of breast, an 
unfavorable prognosis, and often a rapid couise It is difficult to accept the 
conclusion that these two maladies are identical in nature, differing merely m 
grade of malignancy, but histologic studies show that the lesions are very 
similar ” 

It IS not the object of this repoit to enter into the contioversy concerning 
Paget’s disease of the nijDple We wash to leport our experience with the 
disease and to emphasize the observation of Paget, namely, that most cases 
of chronic eczema of the nipple are closely associated with a tuie carcinoma 
of the breast 

We have reviewed the records of 20 cases of Paget’s disease of the 
nipple Through the courtesy of the Surgical Department of St Luke’s 
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Hospital we have been peimitted to study 12 cases in then lecoids These 
patients weie treated over a period of appi oximately 23 yeais (Janiiaiy, 
1918-May, 1941), and eight weie treated at the New Yoik Hospital over 
a peiiod of about nine yeais (September, 1932-May, 1941) The diagnosis 
in each case was based on the piesence of an eczema 01 excoiiation of the 
nipple which, on histologic section, showed epithelial hypeitiophy, sub- 
epithelial lound cell infiltiation and Paget’s cells 



Fig 5 — Case 2 Section thiough skin Shows direct in 
\asion of epidermis b> carcinoma cells Only a few' Paget cells 
in this section (X280) 


As suggested by Ewing, these cases aie readily divided into two clinical 
gioups In the hist gioup (Table I) of 13 cases, all but two of whom weie 
ovei 50 yeais of age, the chief complaint of each patient was an eczema of 
the nipple, usually of long duiation In only thiee instances was the lesion 
of the nipple present foi less than one year Section of the breasts, aftei 
lemoval, levealed a definite tumor in eight of the 13 cases, and m thiee of the 
eight theie were axillaiy metastases Of the thiee patients with axillar}^ 
metastases, one died six months, and anothei foui yeais, aftei opeiation, the 


Table I 


GKOUP I — PAGET b DISLASL or Tin NIPPLE — CHIEI COMI L AIN'T EC 7 EMA OI MPPLI 


Case 


Duration 

Breast 


Node 


No 

Age 

of Eczema 

Tumor 

Mastectomy 

Involvement 

Result 

I 

74 

6 yrs 

No 

Simple 

Not removed 

Well — 2 mos 

2 

59 

5 yrs 

Yes 

Radical 

Yes 

Died — 4 yrs 

3 

60 

4 yrs 

No 

Radical 

No 

Well— 17 yrs 

4 

55 

4 yrs 

Yes 

Radical 

Yes 

Died — 6 mos 

S 

62 

2 yrs 

Yes 

Radical 

No 

Well — 9 yrs 

6 

57 

18 mos 

No 

Simple 

Not removed 

Well — IS yrs 

7 

60 

IS mos 

Yes 

Radical 

No 

Well — 3 yrs 

8 

50 

I yr 

Yes 

Radical 

No 

Well — I mo 

9 

67 

I yr 

No 

Radical 

No 

Well — 2 yrs 

10 

64 

1 yr 

Yes 

Radical 

Yes 

Well — I yr 

11 

52 

8 mos 

Yes 

Radical 

No 

Yell — 10 yrs 

12 

41 

3 mos 

No 

Simple 

Not remov ed 

Well — 4 vrs 

13 

47 

2 mos 

Yes 

Radical 

No 

Yell — 3 yrs 
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thud was subjected to opeiation only one yeai ago, and is alive and well, 
without evidence of lecuiience The leinaining ten patients aie alive and 
well, two, foi moie than 15 )eais, one, ten yeais, one, nine yeais, thiee foi 
three yeais, and thiee opeiated upon within the past yeai 



lie 6 — 2 Section through hrci'^t Show^ n duct celltNpc circinonu 


This gioup of 13 cases emphasi/es the close lelationship between chronic 
lesions of the nipple and caicmonia ot the hi east It also suggests that car- 
cinoma of nijjple oiigin is slow to metastasize to the axillaiy lymph nodes 
and, theiefore foi ms a favoiable gioup with piopei tieatment We agiee 
with Cohn^^ that all lesions of the nipple which do not quickly lespond to 
simple treatment should be subjected to a biopsy which includes a good 
section of the undei lying hi east tissue, and if the histologic pictuie is that of 
Paget’s disease a ladical mastectomy should be jieifoimed 

In the second gioup of seven cases (Table II) all the patients vcie awaie 
of a tumoi of the bieast at the time they sought medical advice, and only 
two complained of an associated eczema of the nipple In fact the nipple 
lesions weie so inconspicuous that in not a single instance was the clinical 
diagnosis of Paget s disease made Histologic studies of the nipples, howevei , 
revealed changes similai to those of the fiist gioup The second group is 
also distinct fiom the fiist m that the symptoms weie of lelatively shoit dura- 
tion, the average being foui months Foiii of these patients are known to 
have died of then caicmomata within thiee yeais aftei opeiation, one has 
been alive for one yeai but has a local lecuiience, and the lesult m the othei 
two IS not known 
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Table II 

CRObP II — ^PACET b DISC VSE OI THE NIPPLE — CHIEl COMPLAINT BRL\ST TUMOR 


Case 

Iso 

Age 

Duration 
of Tumor 

Secondary 
Nipple Changes 

Mastectomy 

Node 

In\ olvement 

Result 

I 

46 

9 mos 

Yes 

Radical 

No 

Died — 3 yrs 

2 

44 

6 mos 

Yes 

Radical 

No 

Unknown 

3 

50 

6 mos 

Yes 

Radical 

Yes 

Died — 6 mos 

4 

38 

3 mos 

Yes 

Radical 

Yes 

Died — 2 yrs 

S 

40 

2 mos 

Yes 

Radical 

Yes 

Died — 2 yrs 

6 

50 

I mo 

Yes 

Radical 

Yes 

Recurrence — i tr 

7 

62 

I mo 

Yes 

Radical 

Yes 

Unknown 


CONCLUSIONS 

From the clinical point of view there appeal to be two gioups of cases in 
w^hich nipple changes chaiactenstic of Paget's disease are noted (i) Those 
presenting an eczema of long standing, wdiich may oi may not be associated 
wnth a definite tumoi in the hi east, and in wdiom the prognosis is good with 
early surgical tieatment, ( 2 ) those who, from the first, apparently have a 
carcinoma of the hi east wnth secondar}! invasion of the nipple and in wdiom 
the prognosis is poor Metastasis occins m both groups, moie fiequentl}^ 111 
the second than m the fiist 

The close lelationship between chionic ec/ematoid lesions of the nipple 
and carcinoma of the hi east makes it impeiative that early and adequate 
biopsy be made of every chionic nipple lesion If a diagnosis of Paget’s 
disease is made, regardless of wdiether or not a definite tumoi can be demon- 
strated in the breast, the patient should be subjected to a radical mastectomy 

REFERENCES 

^ Harrington, S W Unilateral and Bilateral Carcinoma of the Breast (Including 
Paget’s Disease) Results 3, 5, 10 15, and 20 Years ^.fter Operation Minnesota 
Med, 21, 1-8, January, 1938 

'Paget J On Disease of the Mammar}'' Areola Pieceding Cancer of the Mammary 
Gland Med Class, i, 75-/8, September, 1936 (reprint) 

"Kilgore, A R Paget’s Disease of the Nipple Arch Surg , 3, 324-335, 1921 

* Muir, R Paget’s Disease of the Nipple Brit Jour Surg, 22, 728-739, 1935 

' Muir, R Further Observations on Paget s Disease Jour Path and Bact , 49, 299- 

312, September, 1939 

Caylor, H D Paget’s Disease of the Nipple Surg Chn North America, g, 951-956, 
1929 

‘ Cheatle, L Paget’s Disease of the Nipple Lancet, 2, 1462-1463, December 19, 1936 

* Cheatle, L Paget’s Disease of the Nipple Surg, G3mec , and Obstet , 66, 525-526, 

1938 

® Weiner, H A Paget’s Disease of the Skin and Its Relation to Carcinoma of the 
Apocrine Sweat Glands Am Jour Cancer, 31, 373-403, 1937 
Ewing, James Neoplastic Diseases 4th ed , Philadelphia, W B Saunders Co, 1940 
Cohn, L H Paget’s Diesase of the Nipple, wuth Special Consideration of Biopsj" and 
Preoperative Irradiation Arch Surg, 34, 201-229, Februarj', 1937 


25 



HEMANGIOPERICYTOMA 

A VA&CULAR TUMOR FEATURING ZIMMERMANn’s PERICTi TLb 
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AND 
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FROM Tllf SUHGICA.I I\TlIOlOri I \UORATOin COLLI Cf Ot I in SICI \\S '\M) SURf f OSS COLUMIJIA UNIMRSITl \SD 
TIIF DU \RTMI- ST OF SUROHU lUfSBYTHlIAS IIOSI IT\I \l\S -lOUK, S ^ 

In A RECENT coMMUMCAriON, llic wiitci s cleinonsti atccl by the method 
of tissue culture that the epithelioid cell of the glomus tumoi is derived fiom 
Zimmeiinaiin’s pericyte This is a contiactile cell with long piocesses which 
wraps itself about cainllaiics and seives to change the calihei of their lumens 
Zimmeimann, and otheis, ha\c suggested that these pericytes are modified 
smooth muscle cells The glomus tumoi is a complcN: oi ganoid neoplasm 
furnished Yith many axis cylindeis, which re]Moduces in caiicature the noi- 
mal neuiomyo-aiteiial glomus Theie occui, howevei, tumoi s composed of 
capilldiy blood vessels with one oi more layeis of lounded cells arranged 
about them, which cannot he called glomus tumoi s because they lack the 
organoid featuies of those encapsulated complex neoplasms, yet dififei from 
simple capillaiy hemangiomata because of the piesence of thtir pei ivasciilar 
cells We believe that these cells aie peiicytes and that these tumoi s should 
he distinguished by a specific name and suggest “hemangiopei icytoma” as 
piopeily desciiptive 

In the past, one gatheis that such tumoi s have geneially been called 
hemangio-endotheliomata on the assumption that only the piohfic and ver- 
satile vasculai endotheha could give use to these lOunded peiivascular cells 
We have nevei agiecd ivith this opinion hut had no alternative suggestion for 
their oiigin until we learned about peiicytes fiom the -wiitings of Zimmei- 
mann and observed how gieatly they diflfeied fiom endotheha wdien grown 
in vitio There aie, indeed, vasculai neoplasms that may properly he called 
hemangio-endotheliomata These aie malignant tumoi s of capillaiies featui- 
ing the growth of neoplastic endotheha, which m addition to heaping up in- 
side the lumen may invade the w'all and piolifeiate outside hut these tumors 
are very diffeient fiom hemangiopei icytomata in wdiich the endotheha nevei 
diffei from the appeal ance of noimal endothelial cells 

It IS piohable also that Schmidt (1937) has included one 01 possibly two 
cases of hemangiopei icytoma in a gioup if vasculai tumoi s Achich, following 
the suggestion of Oisos (1934), he chooses to call gemmangiomata Oisos 
revived the hypothesis of R Meyei that blood vessels and blood cells aie all 
del ived from embryonal plunpotent cells called angioplasts He then proceeded 
to describe a numhei of vasculai tumoi s, some composed 111 part of capil- 
laiies and in pait of immatuie endothelial spiouts without lumens and otheis 
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much more complex with both capillaries and immatuie red and white blood 
cells Oisos also included tumois which did not seem primal ily vascular at 
all, and m attempting to follow his lead Schmidt included under the name 
gemmangioma tumois which seem to us to be xanthoma and hposarcoma If 
Oisos had lestricted the teim gemmangioma to tumois composed of im- 
matuie capillaiy sprouts, the teim might be acceptable But since he has 
chosen to make it covei a hetei ogeneous vai lety of tunioi s which Schmidt has 
fuither enlarged, we believe that only confusion will follow any attempt to 
peipetuate the teim 

In oui collection of 691 blood vessel tumois, we find nine cases to which 
the name hemangiopei icytoma may be applied m addition to 38 glomus tumors 
foi which the term might also be used This gioup of nine tumois is an 
interesting one because it includes cases showing most of the biologic featuies 
exhibited by othei vasculai tumois including locally peisistent aggiessive 
infiltiative giouth in one instance and distant metastasis lesultmg m death 
in anothei In anothei crucial case, the piobable relationship between peii- 
cyte and smooth muscle cell is stiongly suggested because the cells aiianged 
about the tumoi vessels vaiy all the way from the usual lounded peiicyte 
through an indetei inmate phase of spindle shapes to a fully diffeientiated 
cell with myofibiils 

The fiist four cases are all alike histologically, and demonstiate the usual 
appeal ance of this neoplasm 


CASE REPORTS 

Case I — A male, age 45, had a tumoi the sire of a dressmaker’s pin on the dorsal 
surface of the left ring finger It looked like a nonpigmented mole If struck it would 
bleed and become soie, otherwise it gave no trouble Aftei an attempt to destioy it by 
electrocauterization failed, it was excised Three years later there was no evidence of 
recurrence (Case made available by Dr F A Patterson of Norwalk, Conn, and Dr 
Gray Twombly, New York) 

Case 2 — When this female infant was born, a small “birthmaik” was noted in the 
skin at the outer margin of the bieast It was excised at the age of six months The 
case was not followed (Case made available by Dr Howaid Meyer, Hackensack Hos- 
pital, N J ) 

Case 3 — When this female infant was bom, theie was a small red spot in the skin 
of the parietal region At age three months it had reached a diameter of i cm and was 
excised It was quite vascular but did not extend beneath the galea The case was not 
followed (Case made available by Dr A O Severance, San Antonio, Texas ) 

Case 4 — Age and sex unknown Five months before, a blow was received on the 
shoulder and anothei one two months later Following this a lump appeared in the 
skin and grew larger It was tender, attached to the skin but otherwise freely movable 
It was excised and the case was not followed (Case made a\ailable by Dr H Aleyer 
Hackensack Hospital, N J ) 

Pathologic Chat acicnstics — All of these tumois are made up of groups of endo- 
thehal-hned tubes filled with erythrocjdes and of endothelial sprouts without lumens 
Both are supported b}’’ delicate reticulin fibers outside of which arc arranged the rounded 
perlc^tcs These sometimes form a single layer or they ma\ be m such numbers that all 
of the space between neighboring vessels ma^ be filled with them Some ^essels may 
ha^e no pericytes No elastic fibers are formed Like ordinarj capillary hemangiomata, 
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tile groups of tumor vessels infiltrate the skin and sometimes the subcutaneous fat to a 
limited degree (Fig i) 



I'lc I— Cnse I Above is ^Iiovvn one of tbe nodules coin 
posed of endotlieli d lined cnpilHries surrounded bv masses of 
peric>tcs Uelovv a det ul enlarReineiit from anolber area «hov\ 
lilt, endolbebal sprouts both with and without lumens The en 
dotbelia are deepl> stained and are in sharp contrast with tbe 
rounded pericvtes which are pder and have v icuolalcd cvtoplasms 


The second gioiip includes cases witii both rounded and spindle-shaped 
cells 

Case 5 — At birth, this male infant had a painless nodule, 17MO Mm, m the right 
anterior chest wall which did not increase in sire It lay avithin the pectoralis major 
muscle and was excised at the age of two months The case was not followed The 
specimen showed a central area of necrosis surrounded by a grayish-white zone of viable 
tissue, which invaded the muscle to a limited extent (Case made available by Dr Beryl 
Paige, Babies Hospital, NY) 

Case 6 — Male At age 21, his right mfra-orbital region was hit with a nail In a 
few days a tumor appeared and grew slowly Three years later it was excised but 
promptly recurred, and at age 25, it was again incompletely excised It then grew 
slowly for 17 years, and more rapidly during the succeeding three years At age 45. 24 
years after onset, it was 4 cm in diameter It was soft, not tender and had never been 
painful It laj i cm beneath the epidermis, was apparently encapsulated, and extended 
into the orbit The cut surface was pale pink, soft, homogeneous, and mottled with 
hemorrhages The case was not followed 

Case 7 — Male, age 31 There was a nodule covered with epidermis, pedunculated, 
and 5 Aim in diameter, which projected from the auricle and had been present since 
childhood There had been recent slight increase m size but no pain It was excised and 
the case was not followed 
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Pathologic Chai actci istics — In Case 5 the tumor is made up of lobules composed 
chiefly of endothehal-lined tubes often containing erythroevtes Arranged in close 
proximity to the endothelia are rounded pericytes m many areas In some, however, 
the cells are spindle-shaped and suggest the appearance of smootli muscle but usuallj 
lack myofibrils In several areas, however, it is possible to trace a direct contmuitj 
betw'een these elongated cells w'lthout m3mfibnls and characteristic, mature smooth muscle 
cells wnth definite myofibrils Transition forms containing immature myofibrils can be 
identified (Fig 2) Case 6 is like Case 5, but no myofibrils can be found and there are 
no transitions from spindle cells to smooth muscle cells Case 7 has \ery few^ rounded 
pericytes and is composed largelv of spindle-shaped cells which arc heaped up in consid- 
erable numbers so that the endothelial-lined tubes arc often quite wudeh separated 



Fig 2 — Cnse s Xumeioiis endothelial lined capillaries are 
surrounded bv rounded pericjtes In places these blend with 
elongated cells which approximate the appearance of smooth muscle 
cells 


These three cases seem to us to be of impoitance because they suggest 
veiy stiongly that the pencjTe is a modified smooth muscle cell The next 
step m difiPerentiation would be to have no lounded pericytes but onl} spindle- 
shaped cells, some of wduch weie wuthout myofibiils. wdule the majority were 
fully dififei entiated smooth muscle cells Such tumois exist and ha\e been 
repoited by one of us (A P S ) m a papei on cutaneous leiomyomata 
They were there called vasculai leiomyomata, and the fact that some of the 
cells contained no smooth muscle fibeis was not brought out because its im- 
portance was not appreciated The laige amount of smooth muscle formed 
in the spaces betw’een the 3essels was the leason foi calling these tumors 
leiomyomata but theie is no doubt that they aie related closely to tins present 
group of hemangiopeiicydomata 
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The next case shows that tuinois of this class can exhibit aggiessive, in- 
filtiativc giowth boicleiing on malignancy 

Case 8 — Atalc At age 42, a small tumor appeal cd on the lateral aspect of the left 
index finger This ruptured spontaneously, with a blood}" discharge During the next 
II }ears he had ten local operations m attempting to remove all of the tumor, but none 
succeeded It ahvavs reappeared, extending slowly toward the base of the finger and 
forming multiple nodules At age 53, the finger w'ls disarticulated at the metacarpo- 
phalangeal joint The tumor reappeaied in the stump, and a year later the cicatrix 
together w'lth the distal thiee-fourths of the index finger metacarpal bone w'as resected 
This W'as successful in removing all of the tumor He was seen 14 cears later, w'lthout 
evidence of neoplasm and finally died of an unreported cause at age 70, 28 years after 
the tumor first appeared, and 16 yeais after the last operation 



Tig 3 — C^se 8 Appcnrancc of the tumor in the stump of the 
nmputsted finger At the left i nodule of tumor with its en 
dothelnl tubes surrounded bj pcric>tes At the right, i detail in 
higher mngmfic ition 

In this tumor the pericytes arc always the most conspicuous feature of the grow’th 
(I'lg 3) Capillaiies and endothelial sprouts arc present but as the sprouts are not 
canalized they arc inconspicuous and can casil} be overlooked Nevertheless, the} are 
always foimed and the tumor grows characteristically m lobules made up of aggrega- 
tions of vessels and sprouts with their satellite cells Giossly, the tumor nodules were 
soft and pallid, presumably because thev contained so little blood Unfortunately, the 
tissue obtained from this tumoi w'as never properh' fixed and our cytologic studies leave 
much to be desired 

The last case is an example of late metastasis and death 111 a hemangio- 
pericytoma that exhibited a mimhei of mteiesting vaiiations in the pi unary 
growth 

Case 9 — Colored female At age 34, she first noted a sw'elhng on the medial aspect 
of the low'er part of the right thigh This giew considerably during the next three }ears 
until, finally, it became slightly painful on walking and its bulk caused slight limitation 
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of motion at the knee joint It was excised at age 37 The tumor was irregularly ovoid 
and measured 14x7x6 cm It was mtimatelj’- attached to the periosteum of the anterior 
aspect of the femur between the condyles and to the mesial aspect of the capsule of the 
knee joint Throughout the rest of its extent, it was enclosed by a capsule The tumor 



Fig 4 — Case q Detail from the pnmaiy tumor At the 
right, endothelial tubes and pericytes, without much fibrosis At 
the left, the cnpillanes are surrounded by dense thick collagen 
sheaths and the pericytes pushed aside and atrophic 



Fig s — Case 9 Metastasis in tlie Iner The tuinoi mini 
inns the rehtioiislnp of cipilHij tube and sin rounding pencites 
but the fibrous elements ire much le-'S 


was composed of many pale and reddisli nodular masses There was ne\er any local 
reappearance but fom 3"ears later there were found five nodules in the right lobe of tlie 
liver, varying fiom i to 4 cm in diameter and one of them was biopsied Tlie iliac and 
celiac nodes were enlarged The luer was treated postoperatuclj' with small doses of 
roentgenotherapy, wuth relief of pain Seventj'-foui months after the first operation 
there was roentgenogiaphic eiidence of nietastases in the third and fifth ribs, and these 
also recened ioentgenotheiap3" She went piogressiveh downhill, and finalh" died seien 
3 ears and four months after the first operation and three 3 tars and four months after 
pi oof of Inei nietastases No autops3’' was done 
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Patlwloijtc Chmactcii'tlii^ — Ilistologicalh, the pnniarj tumor is composed of capil- 
lary tubes and sprouts which m some areas arc surrounded bj layers of rou ided and 
occasionally elongated eells m the eustomary fashion Where recent growth has oc- 
curred, the capillaries arc simple endothelial tubes supjiorted b} reticulm fibers, but 
where the tumor is oldet, the endothclia are surrounded b\ thick compacted collagen 
sheaths of a h> aline aspect m ordinary stains and the tumor cells arc outside of these 
(Fig 4) The growth of pencjtes, oceasionally, is so massive that the vessels are 
widely separated but, as a rule, the vascular nature of the tumoi is never m doubt No 
myofibrils are recognized in anv of the tumoi cells Laidlaw stains show a rich reticulin 
framework which surrounds most of the tumor cells 

The vascular aspect of the tumor is clcarlj shown in the liver metastasis, which is 
composed of many endothelial tubes surrounded by rounded cells so closelj placed that 
the tumor cells of one unit often touch those of itS neighbois (Fig 5) Most of the 
tumor cells are surrounded by delicate collagen or reticulm fibers The aspect of this 
metastasis closelj resembles parts of the original tumor and, histologicalh , does not 
appear like a malignant growth 

The lieinangiopei icytoina thus emerges as a tumoi which does not have 
sufficient!} at resting gross feattiies to ena1)le one to recognize it clinically 
Except m Cases 2 and 3 in which the tumoi s involved the skin and resem- 
bled othei congenital Iiemangiomata, theie is no led coloi noi are there other 
gross characteiistics suggesting that the giovvth is one of blood vessels This 
IS due appal ently to the accumulation of peiicytes and connectiv^e tissue in 
which the vasculai tubes ate incased and also to the fact that many of the 
endothelial spiouts are not canalized and contain no eiythrocytes Otherwise, 
It behaves veiy much like othei angiomatous tumors in its tendency to begin 
before biith or eaily 111 hte, to giow locally sometimes as a circumscribed 
nodule, sometimes with slow and limited infiltration of sui rounding tissues, 
occasionally with moie peisistent and aggiessive mfiltiation and rarely with 
metastasis Although usually small, it may attain a very considerable size, 
up to a length of 14 cm as is shown by Case 9 

The diagnosis can be made by histologic examination The tumor must 
be composed of gioups of endothehal-lined tubes 01 impervious endothelial 
sprouts surrounded by rounded cells with a suppoiting meshwork of reticulm 
fibers The rounded cells may show a tendency to become elongated and in 
this foim poorly defined myofibrils may be found Usually, the vessels with 
their pericytes are distinct one from the othei, sepaiated by a fibrous stroma, 
but they may become so closely packed that the peiicytes of one vessel may 
be m continuity with those of its neighbois One should be very certain, 
however, that the giovvth is basically V'ascular and not a tumor whose cells 
are nourished by a rich v^ascular netwmrk such as one sees 111 many tumors of 
endocrine organs, in some Ewing tumors of bone maiiovv, and elsewhere 

SUMMARY 

A type of vasculai tumoi has been described, chaiacterized by the forma- 
tion of endothelial tubes and sprouts with a suiiounding sheath of rounded 
and sometimes elongated cells The vvi iters believe that these are derived 
from the capillary pericytes, desciibed by Zimmermann, and suggest that the 
tumors be called hemangiopericytomata 
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Tiir CoNTROvrRSY concerning the fundamental stuictuie of mixed tumois 
of the sahvaiy gland type has nevei been settled satisfactonly Since 1853, 
when the tumois weie lecognued as a clinical entity b)^ Paget, ^ the ensuing 
yeais have added much discussion as to then natuie In 1859, Theodoi Bill- 
lotli- wrote his classic thesis on salivai}^ gland tumois and surpiisingly little 
of moiphologic mteiest has been added since his excellent descnption His 
Intel pi etation of the tumois as mesenchymal giowths (accepted with certain 
modifications by Viichow) held swaj' foi many yeais, overshadowing the 
eailiei woik of Rohm,* and otheis, who suggested that the tumors weie 
epithelial Toward the latter part of the nineteenth centuiy, Billroth’s concept 
of the tumois was challenged, and since then numeious othei theoiies of 
histogenesis have been piesented One of the best and most inclusive sum- 
maries of these theoiies is that of Hoepfel,* to which the leadei is lefeiied 
Hoepfel divides the theoiies of the natuie of mixed tumors into thiee mam 
gioups, based on the intei pi etation of the paienchymal elements of the tumois 

( 1 ) In this class fall all of those conceptions holding that the pai enchyma 
IS mesenchymal m oiigin Bilhoth oiigmated this idea Virchow^ felt that 
the epithelium was deiived from mesenchyme, due to the ability of the con- 
nective tissue elements to undeigo metaplasia into epithelial tissues Others 
believed that the tumois were composed of endothelial cells, and for many 
years the tumors were called “endotheliomas ” 

(2) In this large group fall those theories consideiing the parenchyma as 
derived from epithelium However, while there is agreement concerning the 
oiigin of the parenchyma, theie aie diflfeiences m inteipretation of the nature 
of the stroma These lattei opinions may be divided into five subgroujis, which 
regard the stroma in the following ways (a) The stroma takes oiigin by 
displacement of mesodeimal germ tissue at the same time m embryonic life 
as do the ectodeimal elements (b) The stioma is mesodermal tissue which 
is formed as the lesult of the impioper local “organizer” action of the epithelium 
on undiflfei entiated mesoderm This utilizes the piesent-day knowledge of 
expel imental embiyology (c) The stioma is a mesodeimal tissue which has 
been formed by metaplasia of the epithelial parenchyma (d) The stroma is 
epithelium which has been modified as a lesult of its secretoiy products so that 
it lesembles caitilage and other mesodermal tissues (e) The stroma is a 
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“hybiid” substance arising thiough the union of epithelial and mesothehal 
tissues with then secretoiy products 

(3) In this small gioup aie included those peisistent ideas that the 
paienchyma possesses epithelial as well as endothelial components Evidence 
in suppoit of such a conception has been so vague that little acceptance is 
given this idea at the piesent time 

In the American and English Iiteiatuie peihaps the most geneially ac- 
cepted theoiy held at present is that mixed tumois aie tiue epithelial tumois 
without mesodermal elements Theie aie seveial standaid textbooks of 
pathology that subsciibe to this conception Howevei, duimg the past decade 
there has been a tiend, paiticulaily 111 the Geiman liteiatuie, to legard the 
tumois as pi unary epithelial giowths which have induced abnoimal difteien- 
tiation of the undififeientiated mesodeim 

When one examines the evidence foi all of these theoi les mentioned above, 
it IS appaient that they aie based on individual interpietations of the moi- 
phology of the pleomoiphic tumois One needs only to examine sections of 
mixed tumors to lealize how unsatisfactoi y and difficult moiphologic study 
may be All variations within a tissue and giadations between tissues aie 
found To illustrate the difficulties involved in histologic study of the tumois, 
let us considei then micioscopic appeal ance veiy biiefly 

HISTOLOGIC FEATURES OF THE MIXED TUMORS 

The paienchyma of the tumois is unquestionably epithelial and appeals in 
many variations The small oval 01 spindle cells giowung in sheet foimation 
lepiesent one of the most common types They closely resemble the type of 
cell seen 111 basal cell caicinomata Occasionally the cells aie laiger, ivith 
vesiculai nuclei They often foim acini, wdiich may contain mucus Some 
of the individual cells show evidence of secretion in the form of intiacellulai 
dioplets of mucus Epithelial cells wuth intei cellular spinous piocesses in 
bulbous foimation wnth typical epithelial peails aie often found Some of the 
epithelial cells foini pseudoiosettes, lesembhng embiyonic ducts moie closel}" 
than they do adult epithelial stinctuies Occasionally nests of epithelium show 
a pecLihai type of degeneiation of then cential poitions wnth the lesultant 
foimation of stai -shaped cells similai to those seen in ameloblastomata These 
cells may be wndely sepaiated but usually lemain connected by long nitei- 
cellulai piocesses 

The epithelial cells aie sepaiated by a stioma, the appeal ance of which 
suggests mesodeimal oiigin The most characteiistic foim of the stioma is 
the chondi omyxomatous tissue The m3'-xomatous tissue beais a sti iking le- 
semblance to the connective tissue found m the umbilical coid, and that occa- 
sionally seen in chondi osaicomata It is composed of blanching cells em- 
bedded 111 a matiix of homogeneous mucoid sulistancc The cell bodies aie 
usuall}’- tiiangulai in shape with long, blanching pscudopodia 1 he amount 
of c}toplasm enclosing the deeply-stannng nuclei is small but the bianchmg 
piocesses, of which theie aie usually tw^o 01 thiee, extend fai out into the 
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niteicellulai subbtance Often there aie additional inoie delicate fibrillaiy 
piocesbes aiising fiom othei paits of the cell bodies These cells may be 
widely sepal ated oi may foim stiands of two oi three The cartilaginous 
01 “pseudocartilagmons” tissue dilfeis from adult cartilage only m the absence 
of the chaiacteiistie pattern Othei tissues found m the stioina lesemblc 
hyalini/ed connective tissue, wnth eosinophilic, dense homogeneous matiix 
containing a few' elongated cell bodies Adult fat cells and small islands of 
bone ai e occasionally found deep w ithin the tunioi nodules 

The types of tissue mentioned above aie w'ell leeogm/ed Then lela- 
tionship, how'evei, is mteiestmg and iieculiai to this type of tuinoi Epithelial 
tissue of one type ajipeais to change giadually into another type Myxo- 
matous tissue meiges into eai tilaginous tissue oi into hyalmi/ed connective 
tissue Even moie i)u//ling than this how'evei . is the anatomic relationship 
betw'een the epithelium and the stioina Where the e]Mthelium is w'ell differ- 
entiated theie IS a shaip line of demai cation, but in mail} ])laees theie is 
giadual, appaient tiansfoimation of fiank epithelium into myxomatous tissue 
In these transitional /ones the cells cannot be said to be eithei epithelial oi 
myxomatous 

It IS this unusual i clationship of tissues wdiieli appeal to be deiived fiom 
sepal ate geim layeis that is lesponsible loi the confusion legaiding the histo- 
genesis and natuic ot these tumois It seems mei edible that epithelial cells 
can lesemble inesenehMual tissues so tlosel} Yet if theie aie two types of 
tissue how can one explain then intimate lelationship and appaient transitions 
from one into anothei ’ \ moi jihologie study of the tissues has failed to pro- 

vide a salisfactoiy aiiswei to this question 

iiibJocnnMK AO iNvi sriGAiioN or rissun mucoids or mixi d tumors 

In consideimg a gioup ol mixed tumois of the salivaiy gland type, the 
futility of fuithei stud} of then morphology at once became evident It oc- 
cuiied to us that a chemical investigation of the mucoid material in the 
parenchyma and stioina might be of value m detei mining the natuie of the 
tissues and, accoidingly, a miciochemical study of epithelial and mesodeimal 
mucoids w'as undei taken by one of us (L Id H *’) Before describing the 
results of this study it wnll be of value to discuss biiefly the chemistiy of the 
mucopolysacchai ides Eoi a moie detailed discussion the leadei is leferied 
to the classic monogiaph of Levene,'^ as w'eli as the moie lecent articles of 
Meyei ^ 

Mucopiotems aie complex pioteins composed of tw'o ladieals, one a pro- 
tein molecule, the othei a caibohydiate complex It is the latter gioup which 
is responsible foi the specificity of the molecule and hence its chemical and 
staining piopeities Accor eling to Levene the prosthetic groups aie composed 
of a hexosaniine fraction conjugated with sulfuiie, glueiiiomc and acetic acids 
They exist as seveial modifications of one geneial type, the best knowm ones 
being chondioitm sulfuiic acid and mucoitin sulfuiic acid These compounds 
are similar irr structrrre and conrposrtion, differ mg only m the carbohydrate 
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fiactions (which aie piobably isomenc hexoses) as well as in the attachment 
of ceitain side-chains 

Despite the chemical similaiity of these miicopi otems. then distiibution 
ni natuie is widely diffeient Chondroitm siilfuiic acid has been isolated only 
fiom mesenchymal tissues such as caitilage, hone, tendon, scleiae, umbilical 
cord, and the wall of the aoita The chondioitin sulfinic acid piotem com- 
plex, theiefoie, has been said to he the mucopiotein of connective tissue, and 
IS piobably lesponsible foi the staining chaiacteiistic of the mesenchymal 
mucoids Mucoitin sulfuiic acid on the othei hand has been found in the 
mucin of sahvaiy glands and gastiic mucosa, m seium mucoids, ovomucoid 
Whai ton’s jelly, vitieous huinoi, and in the coinea Recently, howevei, 
evidence has been piesented that the mucoids of Whai ton’s jelly, and egg 
wdiite do not contain mucoitin sultuiic acid The subject of mucopolysac- 
chaiides has been tuithei complicated b)' the identification of sulfate-fiec 
inucopolysacchaiides in Whai ton s jelly and sahvaiy gland mucin'' It might 
be said, how^evei, that the mucoitin sultuiic acid complex is a product of epi- 
thelial secietion, while chondioitin sulfuric acid protein is limited to those 
connective tissues of mesenchymal oiigin 

Because of the chemical similaiit) of then piosthetic gioups, the tissue 
mucoids stain alike wnth basic and metachromatic dyes Foi this leason it 
has not been possible to distinguish betw^een them by oidinaiy staining pio- 
ceduies Recently, one of us (L H H ’’) has devised certain iniciochemical 
methods by wdnch mesenchymal and epithelial mucoids (piesumably chon- 
dioitm sulfuiic acid and mucoitin sulfuiic acid complexes, though the snnplei 
inucopolysacchaiides knowm to exist in epithelial mucus, may play some lole 
111 the chemical leaction) can be differentiated in fixed tissue sections One 
of these is a titration method utilizing the diffeience in affinity of the protein 
complexes foi veiy dilute aqueous solutions of the inetachi oinatic dyes 
Seiial sections of foimahn-fixed tissue aie stained wnth increasing dilutions 
of toluidine blue or polychiome methylene blue There is a definite lange of 
dilutions (in the case of polychiome methylene blue about i 200 to i 1400 
depending on the tempeiatuie, the age, and the method of piepaiation of the 
stock solutions) 111 wdnch the chondioitin sulfuiic acid complexes stain wnth 
almost maximum intensity wdiile the epithelial mucoids fail to stain In the 
control expeiiments it has been possible to stain caitilage, chondrosai comatous 
tissue and the mucoid degeneiative pioducts in the w'alls of aiteiies wnth dyes 
of the piopei dilution wdnle the epithelial glands and secietions of the respira- 
toiy, gasti o-intestinal and biliaiy tracts and salivai}’’ glands failed to stain 
unless stiongei solutions w'^eie used This is a delicate method and requires 
consideiable expei imentation with contiol tissues to obtain the piojier dilu- 
tion foi good diffeientiation 

Anothei method of diffeientiatmg the mucoids is based on the greater 
lesistance of the mesenchymal mucoids to hot acid Incubating paraffin 
cut-sections of tissue with dilute solutions of sulfuiic acid changes the tissue 
mucoids in such a way that they no longei stain with the metachiomatic d}es 
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This, piesumably, is due to the breakdown of the acid complex, as the char- 
acteiistic coloi is said to be dependent upon the siilfuiic acid estei linkage 
The late of bieakdown is difleient foi the mesenchymal and epithelial 
mucoids Cai e must be taken that lai ge enough quantities of acid be used to 
lule out dififei dices due to dispiopoitionate concentiation of mucoid substance 


ric 


Tig 2 




Tig 3 Pig 4 

I iG I — MiNccl tuinoi of tlic pniolul glTiul stiincd >Mth poljchrome meth>lene blue 
1 340 The of the c irtiHgmous bright rcddi«^h purple (photomicrogr'iph 

wis t'lken uith t ^reen filtei to cmplnsizc thi<? coloi) uhile the rennining tissue stnins blue 
01 green Ppithelnl mucus, is lepiescntecl b> gistro intestiml biliirN tr'ict and snlnarj 
gl iiuls failed to stain uith this dilution 

Pig 2 — Mixed tumor of the paiotid stained uith differential pohchiome metlulene blue 
solution described in Figuie i The strands in the uppei right portion of the photo 

micrograph represent reddish purple mucus of a m>xomatous aiea Intra acinar mucus faded 
to stain with this dilution 

Fig 3 — ^Iixed tumor of salnar^ gl ind stained uith i 260 aqueous dilution of pobchiome 
meth>lene blue Note the intra acinar mucus uhich failed to stain uith the dificrentnl 
solution used in Figures 1 and 2 The intracclUdar mucus in goblet cells of adjacent 
saliv ir> gland behaved as the above t>pe of muens 

Fig 4 — Mixed tumor of the parotid gland stained with i 260 pol>chrome methjjene 
i)lue Ihe mucus within the acini also failed to stain with the differential solution used in 
Figures i and 2 This tvpe of mucus as well as that in Figure 3 was destro>ed bv hot 
sulfuric TCid in the same manner as the initial t>pes of epithelial mucus 


While the end-pomts of this method aie not as shaip as tliey aie in the fiist, 
the lesults aie consistent, and can be used m the evaluation of the chemical 
natuie of the mucoids 

Both methods show that the mucoid in the myxomatous and caitilaginous 
aieas in mixed tumois of the sahvaiy glands behaves exactly as does the 
chondroitin sulfuiic acid complex in skeletal caitilage, chondiomata, chon- 
di osai comata, and in the walls of aiteiies showing mucoid degeneiation (Figs 
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I and 2) The mucoid within the acini stains exactl)^ as does the inucopiotem 
complex 111 the mucin of the sahvaiy gland, gastro-mtestinal and lespnatoi} 
tracts, as well as that m mucoid carcinomata of the intestine (Figs 3 and 4) 

From the lesults of these expeiiments, it seems justifiable to conclude that 
the mucoid substance in the myxomatous and caitilaginous aieas is a chon- 
dioitni sulfuiic acid complex while that secieted by the epithelial cells of the 
tumois IS a diffeient inucopiotem, piobably mucoitin sulfuiic acid complex as 
well as pel haps simplei mucopolysacchai ides 

Since the mucoid in the caitilaginous and myxomatous aieas is a meso- 
deimal inucopiotem, piesumably chondioitin sulfuiic acid, and since the tissue 
piesents the moiphologic appeal ance of mesodermal stiuctuies, it is piobablc 
that these tissues aie tiuly mesodeimal It does not seem likely, as 
Techouyeies^® suggests, that theie is a lecipiocal mutation betAveen the chem- 
ical foims of mucoitin and chondioitin sulfuiic acid This chemical change, 
involving a special reari angement of a molecule and peihaps othei changes, 
has nevei been shown to occui Snnilaily, the metaplasia of epithelial cells 
into tiue caitilage and myxomatous tissue aftei histodiffeientiation has taken 
place IS contraiy to piesent embryologic concepts We conclude, theiefoie, 
that theie aie two types of tissue, mesenchymal and epithelial, m mixed tumois 
of the sahvaiy gland type 

It is not possible to say whethei the myxomatous aieas represent phases 
of lapidly glowing tissues 01 whethei they aie aieas of degeneiation 01 the 
result of local vasculai change They aie usually quite avasculai, though one 
occasionally sees blood vessels within such an aiea The similaiity between 
such m)^xomatous tissues and ceitam types of chondiosaicoma is sti iking 
The similaiity is moie than just a structuial one When stained with dilute 
acid solutions of oitho-Capii blue (an oxidation pioduction of methylene 
blue*") the branching type of cell stiuctuie is demonstrated unusually w^ell 
The intei cellular substance of myxomatous and chondrosaicomatous tissue 
fails to stain with the Capii blue, wdieieas that m adult caitilage stains in- 
tensely With tiansfoimation fiom myxomatous to adult tissue theie is a 
gradual appeaiance of the stainable substance (Figs 5 and 6) The chem- 
istiy of the inteicellulai matiix of caitilage has not been wmiked out w^ell 
enough to enable us to undei stand this completely, but it is quite possible that 
this stainable substance is chondio-albuminoid Veiy little is knowm of this 
substance except that it is an albuminoid closel} 1 elated to osseo-albuminoid, 
and similai in many lespects to elastm and keiatin The giound substance of 
caitilage, the keiatin layei of epithelium, the elastic layei of blood acsscIs, cell 
nuclei and cytoplasm, hyalin and collagen fibeis, seium and egg albumin, 
epithelial mucoid and seious secietions aie all stained intensel}^ b} Capii 
blue The intercellulai substance of the myxomatous aieas in the mixed 
tumois, Avhich stains intensely AVith mucoid stains and that in the histolog- 

“^The ci\c was prepared bj’- boiling an aqueous solution containing sc\eral drops of 
100 o-Capii blue and several diops of dilute Indrocbloric acid per 50-60 cc of water 
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ically similai chondiosaicoma, aie the onl) jirotein substances ^\hich have 
been found not to take the blue stain 
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Fir 6 A Fig 6 B 

Fig s — (A) Mixed tumor of the sulnmxilHrj gHnd stiined uith ortho Cipii 
blue Note tint the intercelluHr "uibstniice of the nnxonntous tissue fills to stun 
uhile tint of the smill isliiid of ciitilige is deeph colored 

Fig s — (B) Higher nngnificition of mixonntoiis cells showing detiils of hrincli 
lug structure 

Fir 6 — (A) Clioiidi OSH conn of the chest will stiined with oitlio Cipii blue 
Note tint the intercelliilir subst nice fills to stun is is the cise in the mwonntous 
tissue of Figure s A Note ilso the similaritj of structure between these cells iiid 
those in the niyxonntous ireis of the mixed tumor 

Fig 6 — (B) Higher nngnificition showing similiiiti to I igiire j B 


PATHOGENESIS OF THE MIXED TUMORS 

If it IS accepted that there ai e two types of tissue in mixed tumoi s, cei tarn 
theoietic concepts as to their pathogenesis can be formulated In view of the 
piesence of two different types of tissue, both of which lack noimal diffeientia- 
tion, a failuie of normal development seems piobable Evidence continues to 
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accumulate in support of the fact that noiinal development depends upon a 
closely integrated interrelationship between all tissues involved Functional 
inadequacy on the pait of one tissue at any phase duimg development may 
lesiilt in structuial changes in all tissues concerned subsequently Such “oi- 
ganizei” oi “provocative” action of epithelium on the undifterentiated meso- 
deim, and vice veisa, in the formation of ceitam types of tumors has been 
suggested before This view has been pioposed by Noiienbiockd^ alter 
Schuimann and Pfluger’s work on the histogenesis of craniophaiyngiomata 
Such an explanation has been used foi mixed tumois of othei regions of the 
body Schmidt^- has applied this pimciple to mixed tumors of the bieast, and 
Mollei/'^ and, more recently, Womack and Graham, have used it to explain 
certain tumors of the lung 

In line with embiyologic evidence, the buccal ectodeim of the sahvaiy 
gland anlagc probably affects the surrounding buccal mesodeim In tuin, 
diffeientiation and development of the ectodeim is piobably influenced by the 
buccal mesoderm There is consideiable evidence that even adult epithelium 
retains a ceitam amount of “oiganizei” influence Huggins” has shown that 
bladdei epithelium is capable of causing diffeientiation of adult fibrous tissue 
into bone This indicates that theie aie undifferentiated cells in adult fibrous 
tissue capable of foimation of more highly specialized stiuctuies That fibiotis 
tissue IS capable of influencing the growth and diffeientiation of epithelium 
IS shown by the exjieriments of Drew He has found that tissue cultuies of 
kidney epithelium and cancer cells fiom breast caicinomata glow in sheet 
formation unless fibious tissue cells aie present in the culture In the latter 
case, the tumoi cells differentiate to foim duct-hke stiuctuies There is 
nothing specific m the buccal mucosa which possesses the properties of in- 
fluencing the diffeientiation of mesodeim in the mannei seen in mixed tumois 
of the sahvaiv gland type, since the e])ithelium of the laciimal gland and skm 
aie capable of similai tumoi foimation 

The expel imental disturbance of tissue einiionment of the embi}0 has 
been shown to lead to stiuctuial malfoimations ” Ii is possible that some 
such distui bailees may lead to development of mixed tumois of this type The 
time duimg embiyoiiic life that such a distuibance occurs, as suggested by Li 
and Yang,” would account foi the degiee of diffeientiation which tlie tissues 
show Those occuiimg eailiei in life have the greater potentialities of dif- 
ferentiation 

This intei relationship of tissues has been almost conqiletely ignored m 
the case of mixed tumois of the sahvaiy gland t\pe but has been used to 
explain the de^clopment of teratomata” This utilization of the “organ- 
izer” conception legaids the tumois as a lesult of pnmai} epithelial mai- 
development, vith mesodermal diffeientiation secondan to tins epithelial 
distuibance Though the application of this theor} to mixed tumois of the 
salivary glands is not subject to expei imental proof at present it seems to 
us to be the most rational and is thoioughh in keeping with prescnt-da\ 
enibi ^ ologic tenets 
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CONCLUSIONS 

( 1 ) Tile tlicoi ICS of tlie pathogenesis of mixed tumoi s of the paiotid gland 
die hiiefly summaii/ed 

(2) A method is desciibed by which, with special staining technics, mesen- 
chymal mucus can he dififeientiated fiom epithelial mucus Both of these 
substances ai e found to be pi esent in mixed tumoi s of the parotid gland 

(3) In view of the fact that epithelial and mesenchymal mucoids arc be- 
lieved to be identified, it is suggested that two tissue components aie lepre- 
sented m these tumoi s, and that the tumoi s aie, theiefoie tmly mixed tumoi s 

(4) It is suggested that the 01 igin of these tumoi s might be best explained 
on the basis of embiyonic alteiation in tissue 1 elationships, m accordance vith 
the “oigam/ei" theoiy of Speeman 
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ADENOLYMPHOMA OF THE PAROTID GLAND 
Jules Alan Plaut, M D " 

Neav Haaen, Conn 

FROM TIIF DPP^RTMFNT OF SORGFRl , 1 \Lr hCIIOOL. OF jMFDICINE AVD TIIF TUMOR CLINIC, NFM II\I FN HOSPITAL CONN 

Adenolymphoma is one of the larer sahvaiy gland ttimois Although 
several times lepoited in the pathology hteiatuie, it is less well known to 
clinicians The pm pose of this paper is to discuss the neoplasm fiom the 
standpoint of the lattei gioup 

In the last 50 yeai s thei e have been some 48 cases of the tumoi desci ibed 
In addition to these, howevei, there aie many which have been diagnosed but 
not repoited Caimichael, Davie, and Stewait- mention seveial m addition 
to then own eight examples, and otheis have been studied by Klempeiei,” 
Stout,^^ and Wellei The figuies to be quoted m this communication aie 
gatheied fiom all the repoited instances, plus 16 additional pieviously un- 
published cases Y ith the inci easing inteiest m Tumoi Clinics, othei cases 
\m11 undoubtedly tuin up, and occasion the considei ation of appiopiiate 
theiapy Moie data aie needed concerning the life histoiy of this tumoi, the 
lelative propoition of benign to malignant cases, the incidence of recurrences, 
the effectiveness of suigical excision, the need (if any) for supplemental y 
ladiation, and the choice between surgery, ladiation, and other theiapeutic 
procedures 

Age Incidence — The gieat majority of patients weie middle-aged or over 
Eighty-four pei cent of the patients were age 40, or more, with 75 pei cent 
in the fifth, sixth, and seventh decades At the extreme ends weie a child 
of two and one-half yeais and a man age 92 The aveiage age was 52 yeais 
(Table I) 

Table I 

AGE INCIDENCE 


Years 

No of Cases 

I- 10 

2 

II- 20 

2 

21- 30 

I 

31- 40 

5 

41- so 

13 

SI- 60 

20 

6r- 70 

13 

71- 80 

4 

8 1- go 

0 

gi-ioo 

I 


YouiiRest — 2>2 years 
Oldest — 92 j ears 
Average — 52 years 


An — Of the 62 cases wheie the sex was stated, 50 nere males and 12 
females The male to female latio is, theiefoie, almost fiAe to one 

Dui ation of Symptoms — Adenol3unphomata aie slow glow mg tumors 

* National Cancer Council Felloiv 
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The duiation of symptoms vanes \\Klely, langing fiom a few months to 30 
yeais Table II shows that al^out 80 pei cent of the patients eomplained of 
a mass which had been piesent foi fiom scveial months to foin yeais 

l\mi ir 

OUUATIOX O! SWinOMS 
(where clcfmitclj stated) 

\o of C^sc^ 


1-6 month'; 8 

6-12 months n 

1- 2 >cirs 6 

2 - 3>CTrs 6 

3- 4 \c'irs 4 

4“ 5 je^rs I 

sj-io venrs 3 

10-15 jeirs I 


More thnn 15 jenrs 2 

Clinical Coui\c — In general, it ma}' he said that the tnmois aie piesenl 
toi at least seveial months hetoie a physician is consulted Dining this time 
the swelling may vai} somewhat m si/e, hut docs not change veiy much At 
some time, howevei, the giowth-iate has usually acceleiated, piobably due 
to lapid accumulation of fluid in the c\stic spaces, and it is then that the 
patient has become concerned and sought ])i ofessional advice 

The diametei of the tumoi at the time ol the fiist e\ammation vanes from 
one to foul oi five centimeteis, and is usually deenbed as being the si7e of 
an almond, a cheny, oi even a small orange 

In consistency, the tumoi s aie usuall} film and solid Raiely they are 
hard , sometimes gi ossly cystic and fluctuant The growths ai e oi dinanly 
attached to the deepei stiuctuies, but not adheient to the skin Conse- 
quently, the lattei can be moved ovei the underlying tumor, but the mass itself 
cannot be shifted 

Except when secondanly infected, theie is no tenderness on palpation, 
noi are the tumoi s usually painful Occasionally, when the mass is under- 
going a compai atively lapid growth, theie may be some local discomfort 
This, howevei, is inconsideiable, and confined to the tumor site 

Usually the mass has been described as ovei the angle of the jaw, in the 
region of the paiotid gland Occasionally, it lies along the ramus of the 
mandible, and m a few instances is reti o-auriculai One case, an exception, 
is described as being in the neighborhood of a submaxillaiy gland An- 
other, repoited by Freshman and Kuiland,® was in the neck, along “the 
anterior edge of the supeiior poition of the left sternocleidomastoid muscle 
The numbei of cases is about evenly divided between the left and light 
parotid regions 

With two exceptions the tumors have all been unilateial The fiist in- 
stance of bilateial involvement was repoited by F L Nino,’" m 194 ° This 
author has recently leported six cases of adenolymphomata seen m the last n 
years This represents lo per cent of the total numbei of paiotid tumors 
observed at the Clinico- Surgical Institute of the Univeisity of Buenos Aires 
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The fiist of the authoiT cases is bilateial The second known instance of 
bilateial involvement occuiied in a patient of Di A W Oughtei son’s, at the 
New Haven Hospital, treated in July, 1941, and previously unrepoited 
Histology — Though it is not wntliin the scope of this report to deal at 
length wnth the pathology of adenolymphoma, a brief word may be said about 
the gloss and micioscopic appeal ance of the tuinoi 



1 10 I — Adeiioh nii)lionn C)!>t will (High power) 


The neoplasms vaiy in shape but aie usually spheiical or ovoid They 
have a lobulated, smooth suiface, wdnch is usualh coveied by a thin, adherent 
capsule In almost all instances this completely suiiounds the mass and 
sepal ates it fiom the paiotid Exceptionally, the capsule is incomplete and 
then the tuinoi infiltrates the paienchyma of the gland The substance cuts 
wath ease, levealing a giay-pink cut suiface, whnch is often finely gianulai and 
])itted with tiny cystic spaces The lattei vaiy in diametei fiom the size of a 
pinhead to seveial millimetei s 01 inoie Fioin some of the cysts a seious fluid 
may be expiessed 

kliuoscopicalh , the stioina is made u]i of lymphoid tissue with laige 
geiininal centeis In the midst of this aie numcious and \ai lous-sized c}sts 
Hail} of these contain papillaiy piojections The c}sts aie lined with a 
double layei of epithelium (Fig i) The innei of these laycis is usuall} made 
up of tall, cylindiical cells These have a finel} gianular C}stoplasm which 
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stains pale pink with hematoxylin and eosin The nuclei are apical, hasophilic, 
and vesiculai Waithin^^ desciibed cilia, hut they have not been found by 
otheis Between the bases of the tall cells, and less numerous, are small 
cuboidal cells These, too, have a pale, gianulai, acidophilic cystoplasm 
Then nuclei aie centially located and vesicular Many of the cysts contain 
an amoiphous pink mateiial and cellular debus Otheis are devoid of secie- 
tion Theie aie few oi no mitotic figuies All-in-all, the appearance is that of 
a benign neoplasm Theie aie, howcvei, two cases which aie leported as 
showing definitely malignant aieas 

As pointed out by Caimichtiel, Davie and Stewait,- theie aie variations 
111 the miciosco]Dic appeal ance of the tunioi This is m agreement with 
Klempeiei's" view that the tcini adcnolymjihoma suggests a gioup of closely 
related neoplasms lathei than a fixed histologic pattern The three cases 
lepoitcd hercMith fit in with the gioup of vaiiations, }et quite definitely belong 
to the category of adenolymphomata 

1 ho apcntK Pi accdtu cs — 

(1) Excision Alone Ol tiic 40 case icports which included the nature 
of the theiapv emplo}ed, 38 consisted of excision alone In two 
cases where the tumois weie comjdelely lemoved by excision, 
keloids developed m the scais These wxie treated with a radon 
hull) 01 loentgenotheiapy aftci the excision 

(2) Excision Eolloivcd by a Rccmicncc and Then Sccondaiy Ex- 
cision Theie w’as one instance of this The patient, under the 
caie of Di C V Young, of Bradfoid, England, had a recurrence 
of the oiiginal tuinoi three yeais after local excision The recur- 
lent tumoi w'as excised ten }cais after the original operation 
Accouhng to a communication from Di M J Stewait, of Leeds, 
the histolog} of the oiigmal and recurrent tumors w'as the same, 
except foi some aieas of squamous metaplasia in the recurrent 
tumor 

(3) Excision FoUozoed by Rocnlgcnofhoapy Tliere w'as one patient 
so tieated He was a male, age 64 wdio had an adcnolyinphoina 
paitially excised in the Philippine Islands, May 23 1939 
week latei, because all the tumoi had not been lemovecl, he was 
given ten loentgen lay exposines totaling 1,250 1 During the 
subsequent month, the tumoi continued to enlaige He w'as given 
two moic loentgen lay treatments, and then lefeired to the 
Memoiial Hospital, New Yoik The diagnosis was confirmed 
fiom a submitted slide No furthei theiapy was adiniiiistei ed 
because the patient developed rectal bleeding, and he returned 
to the Philippine Islands A lettei leceived from his physician, 
one yeai latei, stated that the “remaining tumor is haidly 
palpable ” 

(4) Iiiadiahon Alone No cases W'eie treated this w'ay 
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Couiphcatious — There has been only one leported case of a lecmient 
tiinioi As mentioned above, this was lemoved by a secondaiy excision 
Histologically, only two instances of definite malignant changes have been 
1 eported This compi ises about 3 3 per cent of all known examples of adeno- 
l3unphoma, the vast majoiit}" of which aie undoubtedly benign 

One additional case deseives mention A male, age 54 (Memoiial Hos- 
pital, Case No 57792 — 1939), had an excision of a papillaiy adenolymphoma 
111 the legion of the light paiotid gland in 1939 Two weeks befoie opeiation 
a node had been felt beneath the light stei nocleidomastoid muscle About 
one week following the excision, he developed many enlarged nodes in the 
light side of his neck One of these was biopsied and diagnosed as leticulum 
cell lymphosaicoma He then developed palpable bilateial axillary nodes 
Theieupon, he leceived deep loentgenotheiapy (250 K V ) to both sides of 
the neck and both axillae In April, 1941 (one year and eight months aftei 
the original excision), he had had no lecuirence of the paiotid tumoi, but 
still had axillary nodes, and was being followed foi the reticulum cell 
lymphosai coma 

FoUozv-Up — Due to the difficulties in communication incident to the 
piesent war, mfoimation is available on the postopeiative course of only 26 
patients Of these, two aie too lecent to be of significance The lemainiiu’ 
24 may be analyzed as follows 


T\ble III 


ANAL\SIS or 26 CASES SHOWING THE TIME-INTERVAL WITHOUT RECURRENCE 


Time-Interval No of Cases 


3 months or less 2 

3 to 6 months 2 

6 months to i year 4 

I to years 2 

1 Vi to 2 years 3 

2 to 3 years 2 

3 to 4 years 2 

4 to 5 years 2 

5 to 6 years 2 

6 to 7 years i 

9 to 10 years i 

More than 10 years i 


Total 


24 


Table IV 


ANALYSIS or 64 CASES OF ADCNOLT'MPHOMA OE THE PAROTID GLAND 

48 CASES PBEVIOUSLY REPORTED 







Duration of 

Treat- 


No 

Source 

Patient 

Age 

Sev 

Symptoms 

ment 

Follow-Up 

I 

Jaff6 R H Am Jour 


73 

M 

3 yrs 

Excision 



Cancer 16, 1415 1932 







2 

Freshman and Kurland 


63 

M 

I yr 

Excision 

Well No recurrence 


Am Jour Clin Path 






after 3 >rs 


8, 422 1938 







3 

Warthin A S Jour 

J McD 

4 S 

M 

Many >rs 

Excision 

No information 


Cancer Res 13,116 

I93r-L-AD 



slowly grow- 


axailable” 


1929 mg” 
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Tahit IV — iCoiitinucd) 


\o Source Patient 

^ Warthin A S Jour C 

Cancer Res, 13, iiO (SSy-L AF 
1929 

5 Stout and Kraissl Arch R M 

Surg 26, 485 1933 

6 Stout and Kraissl Arch D L 

burg 26, 48s 1933 

7 Hildebrant Arch f 

khn Chir 49, 167 
1898 

8 Sultan Deutsch Ztschr 

f Chir 48, 143 1898 

9 Morestin Bull Soc 

anat de Pans 4, 709 
1902 

10 Lecene Rev de chir 

37. 1 1908 

1 1 Lecene Rev de chir 

37. t 1908 

12 Albrecht and Artz 

Frankfurt Ztschr f 
Path 4, 47 1910 

13 Albrecht and Artz 

Frankfurt Ztschr f 
Path 4, 47 1910 

14 Glass Frankfurt Ztschr 

f Path 9,33s 1912 

15 Delangadc Peyron mil 

Rouslacroia Bull dt 
1 Assn franc p 1 etude 
du Cancer 7, 370 1911 

16 Monotner Pc>ron and 

Surtnont Bull de 
1 Assn franc p lYtudc 
du Cancer 12, 205 
1923 

17 Mazza and Cassinclh 

Compt rend Soc Bid 
88, 400 1923 

iS Rikl Zentralbl f allg 
Path u path Anat 
3S, S 310 1924 

1 9 Askanazy Quoted by 

Sternberg in Henke 
Lubarsch Bd i Toil i 
333 

20 Houdard and Htiffnagel 

Bull de 1 Assn franc 
p 1 6tude du Cancer 
16, 377 1927 

21 Spitznagel Wien khn 

Wchnschr 42, 983 
192s 

22 Spitznagel Wien khn 

Wchnschr 42, 983 
1925 

23 Carmichael Davie and 

Stewart Jour Path 
and Bacteriol 40, 601 

1935 


Age 

hex 

Duration of 
Symptoms 

treat 

ment 

Folloa Up 

60 

M 

20-30 jrs re 

cent increase 

Excision 

No information 
available 

61 

M 

in size 

2 vrs 

Excision 

No recurrence after 

71 

F 

I >rs 

Excision 

I >r 

No recurrence after 

1' 

M 



3 yrs 2 mos 

Not available 

It 

M 



Not available 

21 

I 



Not available 


1« 

F 



Not available 

SO 

M 



Not available 

d| 

M 


Excision 

Author died 1923 





Records not avail 
able 

12 

F 


Excision 

Author died 1923 





Records not avail 
able 

<is 

M 

I >r 


Not available 

33 

r 



Not available 

SO 

M 

10 3 rs 


Not available 


36 

M 

10 yrs 



47 

M 

2 yrs 



54 

M 




6S 

M 




6S 

M 




45 

M 




63 

M 

4 yrs 

Excision 

Recur- 

rence 

Reexci- 

sion 

Recurrence 3 
after first excision 
Secondary excision 
ro yrs after first 
operation Pt died 


soon after of cere 
bral arteriosclerosis 
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No Source 

Patient 

Age 

24 Carmichael, Davie, and 
Stewart Jour Path 
and Bacteriol 40, 601, 
1935 


58 

2S Carmichael, Davie and 
Stewart Jour Path 
and Bacteriol , 40, 601 

1935 


47 

26 Carmichael Davie and 
Stewart Jour Path 
and Bactenol 40, 601 

193s 


58 

27 Carmichael Davie and 
Stewart Jour Path 
and Bactenol 40, 601 

193s 


58 

28 Carmichael Davie, and 
Stewart Jour Path 
and Bactenol 40, 601, 
193s 


92 

29 Carmichael Davie, and 
Stew art Jour Path 
and Bactenol 40, 601 

1935 


66 

30 Carmichael Davie and 
Stewart Jour Path 
and Bactenol 40, 601 

193s 


76 

3 1 Ssobolew Frankfurt 

Ztschr f Path ii 

462 1912 


54 

32 Ssobolew Frankfurt 


Mid- 

Ztschr f Path ii, 


dle- 

462 1912 


aged 

33 Feldman Zentralbl f 
allg Path u path 

Anat 27, 25 1916 


51 

34 Nicholson G W Guy's 
Hosp Rep , 73, 37 

1923 


60 

35 Nicholson G W Guy’s 
Hosp Rep , 73, 37 

1923 


50 

36 Stohr Risak Arch f 

Franz Str 

2^2 

klin Chir 143, 609 

Pr Nr 


1926 

734/1925 


37 Letulle Bull de 1 Assn 
franc p l’6tude du Can- 
cer 16, 380 1927 


Adult 

38 Bottin Bull de 1 Assn 
franc p 1 etude du 
Cancer 18, 819 1929 


56 

39 Brachetto-Bnan Bol y 
trab de la Soc de cir 
de Buenos Aires 


57 

40 Hamperl Virch Arch f 
path Anat 282, 724 
1931 


70 

41 Hall E M Arch Path 

19 756 193s 


48 

42 Hams P N Am Jour 
Path 13, 81 1937 


61 

43 Hams, P N Am Jour 
Path 13, 81 1937 


62 



Duration of 

Treat- 


Se\ 

Symptoms 

ment 

Follow -Up 

F 

2]/2 yrs 

Excision 


M 

2 yrs 

Excision 


M 

30 yrs with 

increase in 

size during 
last 3 yrs 

Excision 

No recurrence after 

2 yrs 

M 

10 mos 

Excision 

No recurrence after 

I yr 

M 

IS yrs 

Excision 

No recurrence after 

6 mos 

P 

3 mos 

Excision 


F 

iVi yrs 

Excision 


M 

M 

M 

5 mos 

8 H yrs 


Letter returned un- 
delivered 

‘ Malignant in 
part ' 

F 

Few mos ’ 

Excision 

Patient of Sir R 

Luce retired Rec- 
ords not available 
at Guy’s Hospital 

M 

I or 2 yrs 

Excision 

Guy’s Hospital rec 
ords not available 

now 

M 

M 

M 

8 wks 

I yr 

Excision 

Malignant 

M 

I yr 

Excision 

Well No recurrence 
after loJJ >rs 

M 

M 

I yr 

Excision 

Well No recurrence 
after 6J4 yrs 

M 


Excision 

Hell No recurrence 
2 yrs later 

M 

4 yrs 

Excision 

Hell No recurrence 


5 >rs liter 
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Taulp IV — {Continued) 








Duration of 

J reat 


No 

Source 

Patient 

Ape 

Se\ 

Symptoms 

ment 

Follow Up 

44 

Wendel, A Jr Jour 


56 

M 

1 yrs 

Excision 

No recurrence 10 


Cancer Res 14, 123 






yrs later Died of 


1930 






heart trouble ’ 

45 

Cunningham W F 

Hist No 

16 


3 yrs 

Excision 

Record can t be 


Annai s 01 SURCI R-s 

6911 Belle 





located 


90, 1 14 1929 

\ ue Hcsp 
N Y C 






46 

Wood D A Am Jour 


17 

M 





Path n, 889 1935 







47 

Wood D A Am Jour 


1R 

M 





Path 11, 889 193s 







48 

Wood D A Am Jour 


71 

M 





Path II, 889 193s 









16 PRHVlOUfeLY 

UNRi: 

IPORTED CASES 


40 

Memorial Hospital’*' 

B R 

54 

M 

1 >r 

Excision 

No recurrence i >r 


records 1915-1941 

57792— 





8 mos later Also 



1939 





has reticulum cell 

lymphosarcoma- 

tosis 

50 

Memorial Hospital* 

GEM 

17 

M 

I >r 

Excision 

No recurrence after 


records 1915-1941 

49561— 





I mo 



1935 






51 

Memorial Hospital* 

I I 

47 

M 

6 mos 

Ercision 

Fails to respond to 


records 1915-1941 

53504— 





follow up requests 



1937 






52 

Memorial Hospital* 

E C 

8L 

r 

I yr 

Excised 

No recurrence after 


records 1915-1941 

5O329— 




Keloid of 

2 > rs 4 mos 



1938 




scar later 
treated 
with ra- 
don bulb 


53 

Memorial Hospital* 

WK 

SI 

M 

10 mos 

Excision 

No recurrence after 
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1935 






59 
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SI 
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No recurrence after 


Presbyterian Hosp 
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4 yrs 
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No recurrence after 
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Stout and Fabro* 

Hist No 

55 

F 

I yr 

Excision, 


Presbyterian Hosp 

418878 




followed 

5 yrs 


NYC 

Path No 




by X ray 




54494 




for keloid 



* I am indebted to Drs A W 

Oughterson, 

Arthur Purdy Stout, 

J Alfred Fabro, 


and Hayes Martin for permission to include the data on these cases 
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Treat- 


No 

Source 

Patient 

Age 

Sex 

Symptoms 

ment 

Follon-Up 

62 

Stout and Fabro’*' 

Surg 

54 

M 

iH yrs 

Biopsy 

Died of pneumonia 


Presbyterian Hosp 

Path No 





I yr after biopsy 


NYC 

14010 





Tumor had groix n 
'only slightly 

63 

Stout and Fabro* 

Surg 

61 

M 

6 mos 

Excision 

None 


Presbyterian Hosp 

Path No 







NYC 

I 37 SI 






64 

Stout and Fabro* 

Surg 




Excision 

No recurrence after 


Presbyterian Hosp 

Path No 





2 yrs 


NYC 

15811 







Piognosis — Fiom the mfoimation at hand, adenoI)anphoma is a benign 
tiinioi (with laie exceptions) which, when adequatel}'- excised, usually does 
not leciii 

Added to the 64 cases analyzed above ai e tin ee othei s Although histolog- 
ically, they differ slightly fioin the usual pictuie, they undoubtedly belong 
to the same gioup of neoplasms Clinically, they behave in an identical 
mannei 

CASE REPORTS 

Case I — New Haven Hospital No B7034, Path No 23559 A white male, age 59, 
was referred to the hospital, Jul}^ 24, 1940, by Doctor Brown, of Danbuiv Eleven 
months previously a mass appeared in the region of the left parotid gland This seemed 
to diminish m size after extraction of a diseased tooth, then renewed its foimer slow 
growth In the two weeks before admission the mass giew more rapidly 

Examination showed a film, noiitender mass behind the angle of the jaw, measuring 
2X2 5 cm There was a tongue-like projection around tlie ramus of the mandible There 
were no other peitinent findings A “metastatic senes” of loentgenograms failed to 
show any othei tumors RBC 5,500,000, WBC 10,850, with a normal differential 
distribution Hemoglobin was 16 Gm On July 30, 1940, the mass was excised under 
local novocain anesthesia At opeiation no distinct capsule was grossly obseried between 
the parotid gland and the tumoi, and the lower portion of the gland was excised, includ- 
ing the neoplasm 

Postoperativeljs a small salivary sinus tract diained for about three weeks This 
healed quickly The patient is being follow'ed in the Tumor Clinic When last seen 
over a yeai since the excision, there w^as no lecurrence 

Case 2 t — Mount Smai Hospital, New^ Yoik, Path No 18718 A wLite male, age 53, 
had had a swelling in the left parotid region for four years The tumor w'as completel}' 
removed suigically There w^as no postoperative radiation Six months after the 
excision theie was no recurrence 

Case 3 — Mount Sinai Hospital, New’ York Path No 18753 A male age 50 had 
noted a tumoi in the region of the left parotid gland for about tw o } eai s prior to seeking 
therapy The mass w'as excised, but since the surgeon did not believe all the tumor was 
removed, he implanted radium as follows At upper angle of wound, 198 mg (i 0 Mm 
platinum) i i cm active length for 24 hours Total 4752 mg houis At low’er angle 
of w'ound, the same factors and dosage Total 4752 mg hours Postopeiativeh, he 
was given roentgenotherapj Dosage 325 r in four divided doses (200 K V, r Mm Cu) 
This case is too recent to lepoit a follow-up 

* I am indebted to Drs A W Oughterson, Arthur Purdj’ Stout, J Alfred Fabro, 
and Haves Martin for permission to include the data on these cases 

I I am indebted to Drs Paul Klemperer and John Garlock for permission to report 
this case 

I I visli to thank Drs, Paul Klemperer and Ralph Colp for permission to include 
this case 
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MicioscopiCcilly, these ihiee tuniois aie stiikingly simiki to each othei 
Like the usual foim of adenolynijihoma they contain a inatiix of lymphoid 
tissue (Fig 2) In aieas, this consists of diffuse lymphocytic mfiltiation 
Elsewheie, theie aie aggiegates lesembling geimmal centeis In the center 



1 ir 2 — rumor in Cisc 1 Cnminit \\itli I'lr 4 — 1 Miiph node niljncent to inrotid 
lisuic i (Xtoo) 4,1 uid Neuboin infnnt (X200) 

of the lattei aie gioups of laigc cells which icsemble epithelioid cells lathei 
than young lymphocjlcs Heie and theie aie many small c\sts lined w'lth 
low^ cyhndiical cells with Acsiculai nuclei Between tlie bases of these aie 
small cuboidal cells, incgulaih spaced "J he cysts conlain a pale pink, 
homogeneous mateiial, cellulai debus, and occasional!} cholesteiol crystals 
In addition to the small cysts, and scattcied in the hmphoid inatiix, are 
othei epithelial cells, singly and in stiands In places the tiiinoi is separated 
fiom the paiotid gland by a thin fibious capsule Elsew'heie, theie is no 
capsule and the tuinoi infiltiates the glandulai paienchyma 

Pathologically, all of these tumois lesemble that desciibed lecently by 
Fein,^ classified by him as lympho-epithehoma 

Histogenesis — The theoiies concerning the oiigin of adenolymphomata 
have been thoioughly piesented by Jaffe,*' Stout and Kiaissl,^"^ Fieshman 
and Kuiland,’’ Albiecht and Art/ ^ Hanipeil,'’ Waithind’* and othei s The 
leader is lefeiied to these authois toi a complete discussion 

The piesence of paiotid ducts and acini wnthin the suiiounding lymph 
nodes has been desciibed by R Neisse,** and G W Nicholson” Neisse, w'ho 
studied these stiuctuies in fetuses as w'^ell as new^boin infants, felt that the 
paiotid tissue became included in the l}mph nodes as a lesult of the giowth 
and development of the nodes fioin small patches of lymphocytes wdnch had 
previously sui rounded the paiotid tissue Fie found undeveloped parotid 
stiuctuies dnectly adjacent to Ivmphocytic tissue in the 9-cm fetuses and 
lying wuthm the nodes themselves m fetuses measuiing 12 cm and largei 
Dis Heniy Bunting* and Robeit Tennant, Depaitment of Surgical 

*I wish to thank Doctor Bunting, particularlj, for his help heie 
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Pathology, Yale School of Medicine, lepeated the investigation They stud- 
ied the lymph nodes adjacent to the paiotid gland in two piematiiies and five 
full term, stillborn infants In thiee of this gioup small acinai stiuctures 
and ducts typical of the paiotid weie found within these lymph nodes (Fig 
3) In most instances, these glaiidulai stiuctiiies weie situated m the hilai 
legions of the nodes (a fact also noted by Neisse and by Nicholson) 

Fiom the similaiity of the stiuctuie of the thiee tumois desciibed above 
to that of this common finding in newborn infants, it seems probable that 
such tumois have aiisen from the subsequent giowlh of such paiotid tubules 
and acini as have been included within lymph nodes 

CONCLUSIONS 

Adenolymphoma of the paiotid legion is an unusual salivaiy gland tumoi 
It piobably compiises consideiably less than lo pei cent ol all paiotid tumois 
Weie complete figuies knoun, this latio would piesumably fall lowei It 
occuis at all ages, but piedominantly in the fifth, sixth, and seventh decades 
The life histoiy is that of a slow glowing tumoi, which is i datively asymp- 
tomatic The tumoi is usually piesent foi many months befoie attention is 
sought It occuis five times oftenei in men than in women Siiigical ex- 
cision is the tieatment of choice Since the capsule is not always complete, 
the tumoi should be meticulously dissected out, lathei than enucleated 
When completely excised, the tumoi laiely has been known to lecui Histo- 
logically, It is benign A discussion is appended concerning the possible 
histogenesis of adenolymphomata Thiee cases aie lepoited of a clinically 
identical and histologically similai tumoi, which the authoi believes belong to 
the same gioup 
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ADRENALIN-PRODUCING PHEOCHROMOCYTOMA OF THE 
ADRENAL ASSOCIATED WITH HYPERTENSION 

RKPORr OP TIIRPK CASHS 

Jack D Kirsiiuaum, M D , and Ruth B Baukin, M D 

Chicago, In 

mO\l TUT nmUTMtNT of IlTMOIOrl, \\OOI)I\«N IIOHIITM Tllf < OOK COI)NT\ MOil IT M Til DU ISION OF 

sum nn NOIITMAI tSTHlN UM\Hlsm MHIIf VL sniOOI ClIIOMO III 

Tun TERM piilocitromocytoma is lestncted to-day to those tumors that 
anse fiom the adienal medulla, ^\heleas the term paiaganghoma connotes a 
tumoi that onginates in the chromaffin system exclusive of the adrenal gland 
Pheochi omocytomata ai e chai actei i/ed chiefly by the mai kedly increased pro- 
duction of adienahn, which, accoiding to Ewing,’ occuis only m the benign 
foims These tumors aie usually benign and the diagnosis of malignancy can 
only be made on histologic examination of the tumor and not on the clinical 
findings Suigical lemoval of the tumoi usuall}' lesulls m relief of the 
hypei tension 

Giossly, these tumors aie modeiately finn, and vaiy in size from that 
of a pinhead to the si/e of a fetal head and have been leported to weigh up 
to 2,000 Gm Microscopically, these tumoi s foim small gioups of cells or 
show a diffuse giowth of polygonal, oval, or lound cells Giant cells are 
usually piesent, may he eithei mononucleai or multinucleai, and often 
lesemble ganglion cells The stionia which is fibiillai and foims nariow 
trabeculae contain numeious blood vessels I-J emoi i hage, necrosis, and 
cystic degeneration fiequently occui 

In a review of the hteiatuie of pheochromocytomata, Biunschwig and 
Humphieys- collected 103 cases uj) to 1939 Since then, ten additional 
cases have been reported We wish to lepoit thiee cases of adrenalin-pro- 
ducing pheochi omocytoina of the adienal, from a senes of 14,437 consecutive 
autoi^sies peifoimed at the Cook Count}' Hospital, fiom 1929 to Maich, 
1941, inclusive Of the total group leported to date, theie have been 18 
cases that have come to suigery, and m those that suivived theie was a 
maiked peimanent diop in blood piessure A biologic assay of the tumor 
was perfoimed in only 13 cases fiom both suigical and autopsy souices In 
some instances the assay was qualitative, but in the majoiity it was quantita- 
tive In one case the authors weie able to demonstiate the piesence of an 
inci eased amount of adrenalin in the blood dui ing an attack ^ The adrenalin 
content of the tumoi s examined has vaiied fiom i to 40 mg pei Gm of 
tumoi tissue One of our cases contained 415 mg of adrenalin pei Gm 
of tissue, while, in anothei, qualitative tests, only, cveie perfoimed 

The majority of the cases of pheochi omocytoina have been encountered in 
necropsy material, and it is only since 1929, following the report of Rabin, 
that clinicians have made the diagnosis dining life The clinical diagnosis is 
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usually made on tlie basis of paioxysmal hypei tension, and some of the ac- 
companying symptoms and findings such as glycosmia, vasomotor palloi 
followed by flushing, headache, nausea, and vomiting, dyspnea, feeling of 
suffocation, pulmonaiy edema, and gieat susceptibilih to suigical shock, 
even dm mg minoi suigical pioceduies Tacbycaidia may also be present, 
although, with the use m blood piessuie, the pulse may become slow and 
bounding 

In view of the above discussion, it might be well to mention that theie 
aie cases of paioxysmal hypei tension which have been opeiated upon with 
the diagnosis of pheochi omocy toma of the adienal when, at opeiation, no 
tumoi was found Recently, one of us (J D K ) saw a patient, a female, 
age 38, opeiated upon foi a suspected pheochi omoc)^toma Ex'ammation of 
the suigically lemoved tumor (Fig 9) revealed a cyst of the adienal which, 
when assayed, contained no adrenalin Removal of the tumoi has pioduced 
no fall m blood piessuie One yeai aftei opeiation the blood piessuie has 
vaiied fiom 190 to 210 systolic and 60 to 90 diastolic 

CASE REPORTS 

Case I — White, male, age 28, entered the Cook Count}^ Hospital, Dtccmbei 1=5, 
1940, in a comatose condition The history was elicited from the mother, who stated 
that the onset was characterized by a seveie headache that started two days befoic 
admission, and lasted thiough the following daj On the day following the onset, he 
vomited twice and felt better That night he lapsed into coma A diagnosis of meningi- 
tis was made, and hospitalization advised The mother stated that the patient had been 
peifectly well befoie the acute episode, with the exception of his having had measles in 
childhood He had, also, had an operation foi congenital cataract, which had lesulted 
in an improvement in his vision 

Physical examination revealed a comatose, white male who was very lestless, and 
who was breathing stertorously Tempeiature 1042° F. pulse 200, blood pressure 
230/70 The neck showed a slight i igiditv There was a systolic murmui at the apex 
No tales were heard m the lungs The onlj' other findings of significance weie positive 
Keinig and Brudzinski signs The spinal fluid was under slightly increased pressuie, 
and was turbid The Pandy test was 4 plus, the cell count showed 1,090 cells, all 
polymoiphonuclear leukocvtes, and on smeai, pneumococci. Type 18 were seen The 
impiession was that the patient had a T3'pe 18 pneumococcic meningitis and an aunculai 
taclncardia The patient was given sodium sulfapyi idme and 360,000 units of pncu- 
mococcic antiseium, mtravenoush In spite of this therapi" his course was lapidh" 
downhill, and the patient exjiired 15 houis after admission to the hospital 

Antopsv — The bodj w'as that of a well-developed, w^ell-nounshcd white male The 
left pupil was largei than the right The pleural cavities were fiee Ihe pericardial sac 
eontained 20 cc of a clear sti aw -colored fluid The heart w'Cighcd 520 Gm The mvo- 
caidium w'as vcr\ fiim and light bi own-red The wall of the left ventricle measured 
22 Mm in thickness, and the right eentiicle w'as 5 Aim thick The aorta and the bases 
of the leaflets of both the aoitic and mitral eahes showed numerous fatt\ and In aline 
plaques Both coronal y arteries showed a moderate sclerosis and a nai rowing of the 
lumina The lungs icieiled a hemotrhagic bronchopneumonia in all the lobes Ihc 
tlnroid weighed 12 Gm , and was rich in colloid The Incr was enlarged and weighed 
2020 Gm The spleen weighed 55 Gm and showed a marked infectious softening The 
panel eas weighed 85 Gm and was soft The kidneis together, weighed 350 Gm and 
showed a marked congestion The brain was swollen and on the surface especialh 
o\ei the cerebellum, thcie were small accumulations of a greenish purulent material 
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The left adrenal weighed 73 Gm (Fig i), and was moderately firm On the 
surface along one edge there were islands of compressed cortical tissue For the most 
part, the mass was encapsulated, film, and, on section, measured 85x55x40 Mm The 
sectioned surface of the mass appeared light gra> ish-brown At the periphery it was 
slightly lighter, while the central poition was occupied by a 20x25 Mm light vellow- 
gieen tiansluceiit area Fixation of a poition of the tumor in potassium bichromate 
solution caused the surface to turn deep hi own The right adrenal weighed 10 Gm, 
and appeared normal 

Miaoscopic Examination — 1 his levealed the tumor to be composed of large 
polygonal cells arranged in alveoli The cells contained oval to louiid nuclei, in which 
were included a finely granular chromatin (Fig 2) In the cytoplasm, particularly in 
the sections previously fixed in chromate, a fine reddish-brown pigment was present 
The nuclei, for the most part, were small, howe\er, manj \scrc veiy laige, occasionalh 
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] ir I — C^sc i Photogi ipti shows the hrge i)hcochroinoc\tonn in the left 
Klren U Note the compressed, nit \ct ndremi tissue in the peripherj 

of biaaire shape or multnun.leated (Fig 3) No mitotic figures were seen Mallors s 
stain revealed fine strands of connectnc tissue between the cells, and the alveoli were 
separated by narrow trabeculae that often contained blood vessels (Fig 4) Through- 
out the tunioi, but chiefly m the central portion there were cxtraiasations of blood and 
areas of cystic degeneration At the periphery of the tumor there was a nairow rini of 
intact but compressed cortex Several islands of cortical cells cccre isolated beneath 
the capsule of the tumor (Fig 5) 

When stained with Sudan III, little fat was seen, and what was present was in the 
foim of coarse fat dioplets 

Anatomic Diagnosis — Pneumococcic meningitis (Type 18) , pheocliromocytoiiia of 
the left adrenal , marked hypertrophy of the heart , marked arteriosclerosis of the 
coronary arteries, the aorta and cerebial vessels, hemorrhagic bronchopneumonia of 
both lungs , marked fattv changes of the liver and passive congestion of the kidnevs 

Bio-assay of Adrenalin Content tn the Tunwi — Eight grams of the adrenal tumor 
W'ere submitted to Dr H A McGuigan, of the Department of Pharmacology of the 
University of Illinois Medical School The tissue was ground up and extracted with 
50 cc of N/io hydrochforic acid It w'as placed in the icebox for 24 hours and re- 
extracted w’lth 50 cc N/io hydrochloric acid, filtered and neutralired with sodium 
carbonate and made up to 500 cc A male dog, that w'eighed 12 3 Kg w'as anesthetized 
wnth nembutal When 06 cc of the extract was injected intravenously, a rise m blood 
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piessure, equal to tliat produced by the injection of i cc of a i 25,000 solution of 
adienalin, was obtained (Graph i) Eight grams of tunioi yielded 332 mg of adrenalin, 
and the entire tumor yielded approximatelv 303 mg of adrenalin, or 0 31 per cent 

Case 2 — White, male, age 53, was admitted to Cook County Hospital, November, 
1934, in coma The temperatuie was 1036° F , blood piessuie 230/170 No history 
was available except for a 1 oentgenologic rcpoit in his pocket, which stated that the 



I'lc 4 Fig ^ 

Fig 2 — Case i Lou pouet nngnIfic^tlOIl showing the nhcolii ni 1 mgenient of the cells 
t iG 3 — Case i High power nngnificition Isote the hi7ai i e shaped gi iiit cells lesenibling 
ganglion cells 

Fig 4 — Case i Photomicrograph showing the fine trabeculae between the gioups of cells 
(Mallory s phosphotungstic, heniatov-jlin ) 

Fig s — C ase i Photomicrograph showing the capsule about the tumor, with isl iiuls of 
adrenal tissue in the periphery 


patient may have had a tumoi of the lung He was having Chejme-Stoke’s lespirations, 
and before the examination could be completed, the patient expired 

Neaopsy — This disclosed a spontaneous hemoirhage in the right cerebellar hemi- 
sphere as the immediate cause of death The left adrenal was transformed into a mass 
10x85x8 cm (Fig 6) It was encapsulated and moderately firm On section, it was 
light brown, and contained several cystic aieas that measured up to 25 Mm in diametei 
Histologically, this tumor lesembled the one previously described (Case i), except that 
the trabeculae were coarser and often isolated small groups of cells (Fig 7) In addi- 
tion to the above findings, there were many pinhead, up to 2 cm in diameter, sub- 
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cutaneous nodules and areas of pale brown pigmentation ovei the trunk, neck and 
extremities Theie was also a goose egg-si7ed, semifirm mass in the right third 
interspace, which was attached to the inlci costal iier\c Ihere was, also, a small, sohtan 
neurofibroma in the submucosa of the stomach 

Anatomic Diagiw<!is — Massive, spontaneous cerebellai hemorrhage, benign pheo- 
chromocytoma of the left adienal, multiple neurofibi omata in the skin, single neuro- 
fibroma in the stomach, and in the light third intercostal space 
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Graph i — Cnse i Photosniili of tlie tncnig showing tho effects of injecting on extract of tumor 
tissue into i dos Note the prompt rise in Mood pressure 


Case 3 — Previously reported b\ Foid K Hick'’ White female, age 64, was brought 
to Cook County Hospital in a stuporous state, and died a few hours later It was learned 
from a son that the patient had slept much of the time duiiiig the da\ for the past 
few weeks 

Physical examination disclosed an obese, white female , blood pressure 180/105 The 
pupils were unequal Cluneal Dtac/iiosi^ Cerebral hemorrhage 

Autopsy — The essential anatomic findings were a pea-sizcd aneurvsm of the anterior 
communicating cerebral artery, xvith rupture, and severe subarachnoid hemorrhage At- 
tached to the left adrenal gland was an encapsulated soft egg-shaped mass, measuring 
4x2x2 cm (Fig 8) Histologically, this tumor resembled the two preceding cases 
(Cases I and 2) 

Anatomic Diaejnosis — Ruptured aneurjsm of the antenoi communicating cerebral 
arterx, with extensive mtra- and extrameningeal hemorihage at the base of the brain, 
pheochromocytoma in the region of the left suprarenal gland 

When an extract of a gram of tumor tissue was injected into a dog, it produced a 
marked rise in blood pressure No quantitative determination of the adrenalin content 
of the tumor was made 

CoAiMENT — Oul fit St case IS unique in that it occuired in a young male, 
age 28, who, at autopsy, showed the effects of a long-standing hypei tension, 
such as the maiked enlargement of the heait and aiteiiosclerosis, but with- 
out pathologic changes in the kidneys As far as could be learned from the 
past histoiy, there was no evidence that the patient may have had a paioxys- 
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mal type of h3pei tension Thus, one might suggest that the secretion of 
adienahn fiom the tumoi was continuous lather than inteimittent 

The second case is one of the few lepoited in which there is a coincident 
neuiofibiomatosis In 1938 Biennei, Kon^ett and Nagl« leviewed the 
hteiatuie and, out of 64 cases ot pheochiomocytoina, lepoited they weie able 
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Fig G — Cn';e 2 Photopfr-vuli of t phcotluomo Fir 7 — Cnse 2 PIiotoKnph sliowinp the 

cjtonn of the left idieinl Note of c\stic tiinioi Tit ichtd to the left idieml, with centnl, 

depenention c\><tic degcnention 



Fic 8 — CTse T Photograph showing 1 Urge CTst of the adreml Note 
(A) islands of idreml tissue on the surface of the tunior (C) Plaques 
of calcium lining the thin walled cjst Ihis patient had a puowsmal type 
of hj pel tension which was unrelieved following stiigTcal leinoval of the ttinioi 

to find only eight cases in which these two pathologic piocesses occuried 
concomitantly The thud case was pecuhai in that the tumoi was outside 
])ut attached to the adienal Hick'’ believed that the tumoi had its oiigiii m 
the medulla, and, as it giew, it became sepaiated fiom the adrenal 

Two of the thiee cases heie piesented were males, and the thud was a 
female The age incidence langed fiom 28 to 64 yeais The majoiity of 
cases repoited occuiied in the third and fourth decades, although one of 
the cases lecoided ivas m a 12-yeai-old giil The majoiity of these tumoi s 
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are unilateial, howevei, Buinschwig and Huinphieys- noted 13 instances of 
bilateial involvement 


SUMMARl 

Three cases of pheochi oinocytoina of the adt enal ai e here presented One 
of these tumois was situated outside of the adrenal, but was attaclied to it 
Two occuried m males (28 and 53 j'^ears of age), and the thud, in a female 
(age 64) 

All thiee tumois weie benign, and were incidental findings at necropsy 

Hypei tension was piesent m all three cases and the systolic piessures 
ranged from 180 to 230 Mm Hg 

Two of the thiee cases (Cases i and 3), when assayed, levealed an 
adi enalm-pi oducmg substance In Case i, 730 Gm of tumoi tissue yielded 
appioximately 303 mg of adienalm 

Aitei losclei osis was a piominent featuie in all the cases, and the heart 
was hypei tiophied m all 

Neuiofibiomatosis may lie associated with pheochromocytoma, as it was in 
one of the cases 

A case of a calcified cyst of the adienal m a woman, age 38. nho had 
developed a sudden hypei tension, and uas not lelieved of hei high blood pres- 
sure subsequent to suigical extiipation of the tumoi. is cited 

A total of 116 cases of pheochi omocytoma of the adienal, fiom both 
suigical and neciopsy souices, have thus fai been lepoited 
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REPORT OF TWO CASES 

E Perry McCullagh, M D , and W J Engel, M D 
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The clinical syndrome absociatecl with pheochiome tuinois oi the acl- 
lenal medulla has come to be a well lecognized entity and a numbei of cases 
have been lepoited, some of i\hich have been leheved by suigical lemoval of 
the tumoi Although paiovysmal hypei tension has fieciuently been noted, it 
IS not a sine quo non m the diagnosis In oin two cases peisistent hypei ten- 
sion developed Vaiiations in blood piessuie weie piesent eaily m the com sc 
of obseivation m the hist case and these peisisted and w^eie stipei imposed 
upon the constant hypei tension in the second case One of oui cases was coi- 
rectly diagnosed befoie opeiation and was cmed by suigical lemoval of the 
tumoi, while the second is fiom oui recoids and w'as diagnosed at autopsy, 
having been consideied clinically to be h3'pei thyioidism H3qDei metabolism 
W'as an outstanding featuie in both cases 

Until the past decade, the vast majoiit3' of these tumoi s w'eie found at 
autops3 and lepoited by pathologists Biunschwug and Humphie3's^ found 103 
cases 111 the hteiatuie to 1940 These w'eie most]3 found at autops3'- Mc- 
Kenzie and MacEachein- piesented an excellent papei m 1938, at wdiich time 
they had collected 20 cases tieated suigically Since that time seveial addi- 
tional suigical cases have been repoited Although the tumoi is still uncom- 
mon, it IS being lecogmzed and piopeil3' tieated much moie fiequently now' 
than It W'as pieviously 


case reports 

Case I — A 19-3'ear-old girl student w'as refen cd to one of us (E P AfcC ) on 
June 12, 1939, with the following historj On December 24, 1937, she was knocked down 
bj' an automobile She was not badlj hurt, although loentgenologic examination the 
following daj^ disclosed three fiactured ribs on the light side During the following 
year she tired leadily, and was not strong enough to attend school, her illness confining 
her to bed for a \veek or two at a time during 1938 Theie was some loss of weight, 
although she ate and slept well The fainilj' ph3Sician found that she had some hyper- 
tension She then consulted another physician who checked her blood pressuie very 
carefull3' and told her that there w'as absolutely no elevation and that she should foiget 
about It The famib' physician, not being satisfied wuth this uiged consultation with a 
third physician, w'ho found a definite hypei tension This experience caused the famib' 
to lose faith in the second physician who was an exceedingly capable man and this was 
restored only after it w'as explained that they all w'ere coirect 

During the six months preceding our examination, in addition to w'eakness, she 
complained of “spells” which occuried 15 to 20 tunes a day In a t3'pical attack the 
patient fiist expeiienced a sense of intense heat occurring first over the face, and then 
extending over the entire body This w'as occasionally associated with momentary dizzi- 
ness and faintness Almost immediateb' after the sensation of heat a profuse, drenching 
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perspiration began whicli also started on the face and spread from there over the bodj 
The hands and feet did not participate in this hyperhydrosis and usually felt cold and 
clammy With the spells she always experienced palpitation of the heart with increased 
precordial activity, and could feel the pounding in the abdominal aorta With these 
attacks she felt trembly and often her whole bodj shook The spells lasted a few min- 
utes, and when frequent, one merged into the next They occurred at anv time of the 
day or night and were never precipitated in any constant manner, often occurring when 
she was apparently at complete rest Between spells there W'as weakness but no other 
outstanding symptoms 



Physical Examination — The patient was an asthenic, tired looking young woman 
Weight III pounds (505 Kg ) , pulse 120, blood pressure 152/100 The ejes were normal 
and there w'as no exophthalmos The thyroid was palpable but not enlarged The chest 
and lungs were normal A medium-grade digital tremor w'as present Complete neuro- 
logic examination showed no other abnormalities 

Laboiatoiy Data — Urinalysis showed the />„ of the urine to be 52, the specific 
gravitj I 020, with a trace of albumin, and no sugar Microscopic examination showed 
rare red blood cells and one to two white blood cells per high power field The fasting 
blood sugar was 95 mg, blood urea 30 mg, and cholesterol 139 mg per cent Wasser- 
mann and Kahn tests negative On June 19, 1939, the 1 urea cleaiance test showed I47 
per cent the first hour, 125 per cent the second hour On December 9, 1940, the urea 
clearance test showed 140 per cent the first hour, 130 per cent the second hour, and the 
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blood urea was 33 mg per 100 cc The glucose tolerance, using 100 Gm of glucose by 
the oral single dose method, October ii, 1940, showed the following blood sugar levels 

Hour Fasting }/. i 234 

Blood sugar 128 267 254 75 45 76 

'\lthough diabetes was not present, it is interesting to compare this with the same test 
done postoperatively Jamiaij 31, I94i Tlieie had been a definite fall in blood sugar 
levels at tliat time The test was as follows 

Hour Fasting l 234 

Blood sugar 88 168 168 108 49 72 

Although it was not suspected that adienal cortical se\ hormones would be at abnormal 
levels, these were determined The andiogeiis, bv the capon comb-growth method of 
IvIcCullagh and McLin,-^ were 1 1 I U in a 24-hour specimen ' Seventeen-ketosteroids, 



estimated b}'^ the electric colorimeter by a modification of the Callow method, showed 
28 colorimetric units, which is normal 

Following the first examination and reports, the impression was either neurocircula- 
tory asthenia or adrenal sympathetic syndrome, as in pheochromocytoma 

For further investigation, she was referred to the Department of Urology, June 23, 
1939 Cystoscopic examination revealed a normal bladdei Ureteral catheters were 
passed and separate kidney urines were normal The bilateral pyelogram showed normal 
kidney pelves and neither kidney w'as displaced No tumor shadow could be seen m the 
suprarenal area Perirenal air injection was suggested and carried out, June 28, 1939 
However, before the requisite amount of air could be injected, the patient became 
dyspneic, suffered mild collapse, and the injection w^as discontinued Roentgenograms 
made at the time and again the following day were of no assistance in diagnosis, as there 
was insufficient air m the tissues 

We were, therefo re, unable to establish a definite diagnosis of adrenal tumor, so the 
* Normal for women approximately 10 to 50 intei national units 
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patient continued under the observation of one of us (E P McC ) She continued to 
have the spells of weakness, piofuse sw'cating, and fatigue, although there w'as little 
change in her general appearance or condition for the next i8 months The blood 
pressure, although variable, was elevated for the most part, and she was never observed 
to have what we considered to be true paroxysms of hypertension (Chart i) Even 
with her spells, the blood pressure was lecorded no higher than occasionally at other 
times There w'as persistent tachycardia, and repeated determinations of the basal 
metabolic rate show'ed a constant hvpei metabolism (Chart 2) In spite of this she never 
was considered to be a case of Inpertlnroidism and the surgical consultant shared this 
opinion 
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Chart 3 


Throughout this period of observation the clinical diagnosis was probable pheochromo- 
cytoma In October, 1940, an intravenous urogram was made, but we were still unable 
to demonstrate any displacement of either kidnejf and there w'as no tumor shadow' in 
either suprarenal area On clinical evidence, how'ever, adrenal exploration was advised, 
and the patient returned for operation 111 December, 1940 

The patient was prepared for bilateral adrenal exploration after the technic described 
bj Young* We decided to explore the right side first because these tumors are more 
prevalent on the right side, and also because the right kidney w'as lower, w'hich made 
it seem improbable that the tumor was on the left side 

Even before seeing the tumor we were sure of its presence Constant blood pressure 
determinations were made during the operation and manipulation in the suprarenal area 
was followed bj rapid rise of systolic and diastolic pressures to alarming levels (Chart 3) 
When the tumor was exposed, touching it produced extreme elevation of the blood 
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piessitrc as high as 170 Mm diastolic As dissection o{ the tumoi pioceedcd we could 
sec that it was separate from the adrenal gland, which was left intact 

As soon as the blood supply to the tumor was interrupted, the blood pressure dropped 
pi ecipitouslv A plasma tiansfusion was begun and also the adnnmstiation of epinephiine, 
which It was iiecessaiy to use in lepeatcd, lathei large doses to suppoit the circulation 
Doses of 05-10 cc of i/iooo solution were given intravenously at inteivals of a few 
ininutes whenever the sistolic pressure fell below 90 Mm, a total of 60 cc being admin- 
isteied within thiee houis following seveiaiiec of the blood supply to the mass It was 
interesting to observe that aftei the first few doses the diug appaiently lost its effec- 
tiveness and its administration no longei lesulted in a significant rise of pressure Im- 
niediateh upon completion of the opeiation, the patient’s condition was quite satisfactory 














Fig I 


Fig 2 


Figs jl' ii. 2 

medulla tumors in each simulate those seen in normal adrenal 

although the blood pressure had not yet risen Within the next four hours the patient 

midaft 7 rZoiT°ortr^rf^^°" containing 500 and 600 cc , respectively By 

rflm /I operation the blood pressure had returned to normal and 

remamed ao throughout the rematuder of her couvalesceuce ' 

... .he;:cS:f sirs 

Pathologic Examination — Dr Allan ‘"ri-, 

mass (Fie A remnvoH f .1 , Graham The specimen consists of a tumor 

5 5 M 3 x 3 ?cni It Ts f 1 ‘ ^dren^l , it weighs 35 Gm and measures 

and on ^ encapsulated, has a fairly umfonu surface, is firm clastic 

entue tumor 7 a’ homogeneous, yellowish-brown surface The 

entue tumor has the colo. and consistency of adrenal medullary tissue 
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“Histologic sections show a ver} cellular t\i)c of tumor consisting of verj large 
irregular cells having an abundance ot cytoplasm in which there are man> granules 
The cells coi respond in type to those of the adrenal medulla The tumor is highlj 
vascularued and has a reticulated stroma” Pathohxju Dtagiwst <; — Pheochromoevtoma 
of the right adrenal 

The patient had an uneventful convalescence and was permitted to leave the hospital 
on the eleventh daj following operation She has remained entirel> well and reported 
for observation six months postoperatively, feeling well and having gamed some 20 
pounds m weight She has been completely relieved of her attacks and the blood pressure 
has remained at normal levels, tlie highest postoperative determination being 130 Mm 
svstohe and 70 Mm diastolic 

The urea clearance test eight months postoperativeh showed 85 per cent clearance 
111 each of tw'O hours The basal metabolic rates w'cre —4 and —6 per cent The blood 
pressure was 124 Mm svstolic and 70 Mm diastolic At tins time she reported that 
her w'eight had decreased ten jiounds without aiij effort or dietarv restrictions, the 
appetite apparently having adjusted itself automatically to metabolic needs 

Comment — Seveial inteiesting fcatuies of this case bear special comment 
Although the blood pressure was variable, this vaiiahilit}^ was nevei shown to 
beat any lelationship to hei symptoms, foi it w^as repeatedly found to be nor- 
mal duimg an attack of sw'eatmg, and on several occasions was found to be 
high when she w'as feeling well and no attack was piesent Of interest also is 
the upwaid trend of the blood piessuie during the one and one-half yeais 
she was under obseivation befoie opeiation (Chart i) At first, noimal read- 
ings w^ere occasionally obtained, latei, the blood piessure w^as constantly 
elevated, much as is seen m essential hypertension The e}egiounds were 
examined by the ophthalmologist and w'eie repoited to show' the changes of 
essential hypertension. Grades I to II Attempts w'eie made to lepioduce hei 
attacks or aggravate her hypertension by manipulation of the adrenal areas 
and by bending exeicises, but these failed The lapid flow of blood through 
the tissues is shown here, as m the second case, to be repoited, by the veiy 
high urea clearance tests wdiich leveal the result of excessive circulation 
through a normal kidney This test, in oui opinion, is of paiticulai inteiest 
111 considering the origin of the hypertension 

The spells of weakness and extreme sweating wdiich formed the chief com- 
plaints in this case w'ere at fiist suspected of being of hypoglycemic oiigm, but 
no hypoglycemia was found Neither did she develop any clinical evidence of 
diabetes It is notew'oi thy, nevertheless, that thei e was a shift m tolerance to 
glucose w'hich w'as apparently brought about followung the removal of the 
tumor, showing that some sti am on the glucose metabolism did exist 

Throughout the course of the patient’s illness she did not exhibit the 
maiked general ledness of the skin wdiich is desciibed in Case 2 , but her 
hands did show', on all occasions, a peculiar redness m the same type of glove 
distribution m which cyanosis appears in neurocirculatory asthenia 

The hypermetabolism is especially w'orthy of comment As seen in Chart 2, 
repeated preoperative determinations of the basal metabolism show'ed con- 
sistent and pronounced elevations Associated with this the patient had ex- 
perienced a maiked stimulation of her appetite and she w'as alile to maintain 
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hei eight by lollowing a diet appi oximating 2,800 caloiies pei day The find- 
ing oi a lathei se\ere hypei metabolism, natuially, In ought the possibility of 
h}peith}ioidism to mind We felt that this could he excluded by the al)sence 
of the t}pical appeal ance of hypei thy loidism and of thyioid enlaigement and 
exophthalmos, also a theiapeutic tiial with Lugol’s solution did not altei hei 
clinical state noi aftect hei basal metabolism Finally, the pi oof that the 
hypei metaliohsm in this instance was piimaiily due to the adienal tumoi is 
pioduced by the complete letuin of the metabolic late to noimal attei the 
lemoval of the mass Heie, then, is hypei metabolism not of thyioid oiigin, yet 
this and the following case emphasize the closeness wnth wdiich pheochiomo- 
cytoma may simulate hypei thyi oidism 

Follownng operation this patient piesented an unusual complaint of cold 
intoleiance If a cold bieeze stiuclc hei she wmuld shake peiceptibly and on 
one occasion the shiveiing continued for most of an hour This has giadually 
improved until, eight months postopeiativel}^ it w^as scarcely noticeable The 
only apparent explanation foi this is that theie w^as pionounced vasomotoi and 
pilomotoi instability from which she lequiied consideiable time to recovei 

Case 2 — A Noung manied man, age 28, enteieci the hospital in November, 1937, 
complaining of a “run-down condition ” His s3miptoms were of recent onset, and for 
the preceding tw'o iveeks he had had little energj’-, felt nervous, generallj^ Nveak, and had 
a tremor of his hands Tlie sjnnptoms became so severe that he was forced to stop 
working, and three daj's before admission he became maikedlj' exhausted In spite of a 
fair appetite during the preceding jear, he had lost 28 pounds in w'eight 

For a 3'ear the patient had experienced increased frequency of urination and during 
the past four months this had become more pionounced He w'as forced to void almost 
every hour during the day and foui to six times at night This severe frequency was 
unaccompanied by any associated symptoms of burning or dysuria, and he seemed to pass 
a normal amount of urine at each voiding 

Physical Examination — The patient w'as a w'ell-developed man, wdio had an extiemelv 
red face, and a very red, deeply fissured tongue He w'eighed 122I4 pounds (557 Kg ) 
Temperature loi 2° F (38 5° C ) Pulse 108 Blood pressure 174/104 The thyroid w^as 
enlarged and there w'as an adenoma in the right lobe, measuring approximately 5x4 cm 
The chest and lungs revealed no positive findings There w'as no percussible enlargement of 
the heart The rate w'as increased and there w'ere occasional extrasystoles, but no mur- 
murs Palpation of the abdomen revealed no masses or palpable organs Neurologic 
examination show^ed no abnormalities There w^as a rather pronounced digital tremor 

Laboi afoi y Data — Urinalysis show'ed the pu of the urine to be 70, the specific 
gravit}’- I 014, with a trace of albumin and 4-I- sugar The urine w'as microscopicallj' 
negative for blood The blood sugar was 405 mg per cent hours p c , and the fasting 
level W'as 246 mg per cent The blood urea was 33 mg The blood count revealed 
4.990,000 RBC, 14,000 WBC, and 86 per cent hemoglobin Wassermann and Kahn 
tests w'ere negative The basal metabolic rate was 36 per cent above normal The urea 
clearance w'as 160 per cent the first hour, and the second hour, 160 per cent A roentgeno- 
gram of the chest, November 8, 1937, was normal Clinical Diagnosis — Nodular goiter, 
w'lth hyperthj'roidism , essential hypertension , diabetes melhtus 

The patient w'as admitted to the hospital foi pieoperative preparation for thyroidec- 
tomy, during which time his diabetes w'as cared for, and a search made foi the cause of 
the low-grade fever Undulant fever agglutination was negative A furuncle developed 
on the left forearm w'hich required incision and drainage , others appeared later and 
W'hen these disappeared, the temperature returned to normal 
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A record of the blood pressure in the hospital is shown m Chait 4 It is interesting 
to observe that abnormally high readings were recorded on two occasions, the highest 
being 270/150 All readings, however, were at hypertensive levels 

The other significant observation made during his preoperative sojourn in the 
hospital was a pronounced poburia The urinary output varied from 9,000 to 16,800 cc 
m 24 houis, this was attributed to an associated diabetes insipidus 

In view of the high basal metabolic rate, it appeared that the ideal treatment of the 
diabetes would include a relatively high calorie diet His diet contained carbohj'drates, 
280 Gm , protein, 86 Gm , and fat, 100 Gm , supplying 2,364 calories daily Amorphous 
insulin was given in four doses daily, the total daily dose varjing between 50 and 150 



Chart 4 

units and was altered according to uranalysis done on four specimens dailj and on blood 
sugar determinations done as often as three or four times dailj Chart 5 shovs the 
extreme variation in blood sugar levels 

After 26 dajs in the hospital, his condition appeared not to have changed greath, 
but he seemed to have reached maximum improvement and a subtotal thyroidectomy was 
performed Although he had a rather sharp postoperative reaction this had subsided b\ 
the fourth postoperative daj, and a normal convalescence was anticipated However, 
on that day a furuncle appeared on the left cheek, which was quickly followed bv cellu- 
litis In spite of all supportive measures the patient went rapidlj downhill and died 
the follow'ing daj 

Autopsy — Onlj the peitinent findings at autopsj’’ need be included for our put poses 
Upon examining the abdomen the left kidne> w'as in the normal position and of normal 
size Occupying the right kidiiej region was a large, irregular, smooth, somewdiat 
cjstic mass the size of a grapefruit, which apparentlj involved the upper pole of the 
right kidnej The lowei pole of the right kidney w'as easilj felt and w'as considered to 
be of normal size and consistencj Ljmg on the aorta, just below the level of the renal 
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aitenes, vas a definitely encapsulated tumor nodule about 15 cm m diameter which 
was similar m gross chaiacteristics to the large tumoi m the light suprarenal area 

Later dissection of the laige mass showed it to be separable from the kidney and 
It w'as then recognized to be a large adienal tumor (Fig 2) The entire mass weighed 
735 Gm and w'as about 16 cm in its greatest diameter It was irregularly spherical and 
appeared to arise 111 the medulla of the right adrenal On section, the tumor had a very 
laige irregular central cavity, the lining ot wdiich consisted of a thick, shaggj', necrotic 
niembiaiie Sunounding this cavity was a mantle of tumoi tissue varjnng from 2 to 3 
cm m thickness In some aieas the tumor appealed grossly to be very cellular, white in 
color, and to have relatnely little stroma In other areas the tissue was firmer, had a 
dusk}, giaMsh-brow'ii surface, and w'as travel sed by considerable fibrous stioma Theie 



Chart 5 

was a fairly thick zone of quite dense sclerotic connective tissues sepaiatmg the mantle 
of the tumor tissue from the shaggy lining of the central cavity 

The left adrenal Aveighed 1 5 Gm , w'hich is about the normal w'eight of both adrenals 
No tumoi nodules were present 

Histologic Examinatwii — Sections from both adrenal glands showed laige quantities 
of cortical tissue, the cells of which were quite large and stained less intensely and uni- 
formly than usual The cortical zones were not as well defined as usual Theie appeared 
to be less than the usual amount of medullary tissue Sections of the right adrenal showed 
an encapsulated tumor composed of cells of a single type but with extreme variations in 
size, shape and staining reaction In general, they w^ere comparable to the cells of the 
medulla rather than of the cortex A section of the nodule removed from below the 
level of the renal vein showed the tumor cells to be of a type similar to those of the 
large tumor Pathologic Diagnosis — Pheochromocytoma of the right adrenal 

An associated finding of interest w'as the presence of cardiac hypertrophy, the heart 
w'eighmg 450 Gm The left ventricular w'all averaged 2 to 2 5 cm m thickness , the 
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right ventricular wall averaged 07 cm There were moderatelv advanced atheromatous 
changes present in the aoita The kidnej's were giossly and niicroscopicalh normal and 
showed no active inflammaton process, and little or no sclerosis of blood vessels or 
glomeruli 

Comment — The shoit duiation of symptoms m this case is lemarkable 
Befoie oiTcration it was observed that spikes of hypei tension occuned but 
such elevations of blood pressuie weie thought to be associated with insulin 
reactions In letiospect, it appeals that we weie unable to distinguish the 
symptoms due to fiequent hypoglycemic episodes from a very similar set of 
symptoms which ma}' have been associated with paroxysms of hypertension 
due to outpouiing of laige amounts of epinephiine, the patient’s S3Tnpathetic 
nervous system being seveiely distuibed in both instances 

The blood sugai levels on the same food intake were extiemely variable 
It IS not unusual for an individual with seveie diabetes who is having his 
disease bi ought undei contiol quickly to have insulin leactions, and, at first, 
m this case little attention was given to these However, as days passed A was 
mentioned more than once at his bedside that it seemed lemarkable for his 
blood sugai levels suddenly to fall to such low range wuthout obvious explana- 
tion Levels of 28 mg per cent, foi instance, were found Later oui attention 
was called to the fact that spells of nervousness, w^eakness and profuse per- 
spiiation occuiied, which were consideied at the time to be insulin reactions, 
yet blood sugai levels such as 98 mg per cent, for example, wei e demonsti ated 
at the height of symptoms It w^as assumed that the extieme instability of 
the blood sugar levels was fuither exaggeiated by hyperthyioidism and active 
infection In the light of oui present mfoimation the explanation would 
appeal to be about as follows Fust, it is piobably coriect to assume that the 
piessoi substance leleased by such tumors is epinephrine (vide infia) When 
the amount of epinephrine poured out by the tumoi was laige, the glycogen 
was fieed from the hvei at a rapid rate, laising the blood sugar level So 
long as this rate of epinephrine pioduction w^as maintained, laige amounts of 
insulin could be tolerated, but when it was withdrawn the blood was no 
longer flooded with sugai pouied into it fiom the liver, and the insulin would 
cause a moi e rapid than normal deposition of glycogen in the liver, with tissue 
lack elsewdiere and hyi^oglyceinic shock Whether diabetes actually existed 
might possibly be questioned, although in vieiv of high fasting blood sugai 
levels and glycosuria, this seems acceptable It is evident that the factoi s here 
are not present in the same lelative pioportions as are usually seen There 
probably was some inherent weakness in the regulating mechanism for glucose 
metabolism, however, since other patients with high blood pressures from 
pheochromocytomata do not necessaiily have anything comparable to clinical 
diabetes melhtus Perhaps, if a more critical analysis of the oscillating blood 
sugar levels and of his “reactions” without hypoglycemia had been made, our 
attention might have been directed toward adrenal disease 

The question may be asked Did this man have hyperthyioidism^ If so 
Mas it caused by or was it maintained by excessive quantities of epinephrine 
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in the blood ^ These questions cannot be completely answeiecl It is note- 
woi thy, howevei , that he lacked such featui es of hyperthyi oidism as exophthal- 
mos, and piesented otheis such as the extieme ledness of the face and 
tongue as well as maiked polyuiia and high diastolic piessuie not to be ex- 
plained by thyioid disease That the late of blood flow thiough the tissues was 
excessive is consistent with his abnormally high uiea cleaiance test, and this 
IS a pai ticulai ly mtei esting flndmg which points to the nonrenal oi igm of the 
hypei tension The lapid blood flow itself would be in keeping with the high 
metabolic late and may also explain the seveie polyuiia Theie aie othei 
points which seem to indicate that the hypei metabolism \\ as of adi enal origin , 
namely, that his i espouse to iodine was slight oi questionable The thyroid 
gland uas not laige, the poition lemoved at opeiation weighed 27 Gin In 
consideiing this, it is woith noting that there was thiombosis and hem- 
orihage piesent which would inciease the weight of the gland There was a 
luptuied cyst, howevei, and some thyioid tissue was found at the lower left 
pole at autopsy The pathologic lepoit on the thyioid tissue lemoved was 
colloid goiter with a lUptuied cyst This does not offei any evidence that 
hypei thyioidism existed, and is quite consistent with the assumption that the 
hypei metabolism was of extrathyioid origin His blood cholesterol was 125 
mg %, which IS relatively low, and at a level frequently seen m hyperthyi oid- 
ism, but this, too, loses its significance 111 view of the infection piesent as well 
as considei ation of the relatively low level found m Case i m which the 
hypermetabolism disappeaied on lemoval of tlie adienal tnmoi 

One of the impoi tant featui es of this case was the pi esence of a secondai y 
tuinoi lying on the aoita at the level of the lenal aiteiies which had a gioss 
and inisci oscopic appearance identical with those of the laige tumoi This 
probably lepiesents a tumoi of the oigan of Zuckeikandl This not only 
demonstiates the fact that such tumors are sometimes multiple and outside 
the supiarenal aiea, liut also suggests an explanation for failuie to obtain 
relief in some patients, by the lemoval of a single giowth 

Eiiib) yology and Pathology — The adienal medulla has a common origin 
with the sympathetic nerve cells aiising fiom the neuial crest and is thus ecto- 
dermal in origin It is pait of the so-called chiomaffin tissue, deiiving this 
name from a biowmsh discoloi ation which it undeigoes when fixed 111 a 
chi ornate solution At birth it is lepiesented, m addition to the adienal 
medulla, by pai aganghomc masses which usually degeneiate as the adrenal 
medulla grows Such masses may remain, howevei , and have been 1 ecogmzed 
chiefly in two locations Kohn’’ called attention to a strip of chiomaffin 
tissue situated ventral to the abdominal aoita and supeiior to the mfeiior 
mesenteiic aiteiy to which he gave the name paraganghon aorticum ab- 
dominale Zuckei kandl^’ obseived a pan of similai bodies m the region of the 
inferior mesenteric aitery of the newborn, which have been known as the 
organs of Zuckeikandl It is quite piobable that these aie the common sites 
of 01 igin of aberi ant pheochrome tumoi s, yet it is mtei esting to observe that 
m adi enalectomy experiments no hypei tiophy 01 hyperplasia of these tissues 
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has been obseived, which thiows some doubt ui^on their functional capacity 
Another chiomaftin organ is the caiotid body, but so fai as we aie able to 
determine, tumois of this oigan have nevei pioduced sympathetic stimulation, 
noi have they been associated with hypei tension 

Tumois of the adienal medulla may be of thiee types (i) Sympatho- 
blastomata arising fioni immatme sympathoblasts, (2) ganglioneuromata 
fiom matuie ganglion cells, and (3) pheochromocytomata, fiom mature 
chromaffin cells 01 pheochi omoblasts These have frequently been teimed 
pai aganghomata 

We aie inteiested heie only m the lattei gioup which aie well encap- 
sulated, benign, nonmetastasiring tumors The}^ do not disturb their host by 
invasion, but by their functional actnnty are physiologically malignant They 
vaiy gieatly m size, having been obseived vaiymg from the size of a pea to 
that of a giapefruit The size does not determine then activity It is quite 
common for the laigei ones to bieak do\\n centrally, foiming necrotic, cyst-hke 
cavities 

They occui about equally m the sexes and although the autopsy cases re- 
poited eailiei weie moie common m oldei people, clinical recognition has 
been much more frequent 111 young adults, the average age in the cases re- 
viewed by Howaid and Baikei'* being 27 5 yeais foi the women, and 32 for 
the men 

Thei e ai e cei tain featui es about these tumors which ai e of practical intei - 
est Foi no known leason they are more pievalent on the right side In the 
103 cases lepoited by Brunschwig and Humphieys^ theie ^\ele 43 on the 
light and 34 on the left, while in the 20 surgical cases tabulated by McKenzie 
and MacEachern,- 15 weie on the light and five on the left, a three to one 
latio In the cases collected by Howard and Baikei," tins is even more out- 
spoken, for of the 13 cases in which the tumor was situated in the adrenal 
gland, ten were on the right and only three on the left As in oui case, othei s 
have lepoited such tumois occui ring away from the adrenal or m abeirant 
01 heterotopic adienals Phillips® repoits a case occui ring in the apex of the 
left pleural cavity He was able to find in the literatuie only ii cases occui - 
ring outside the adienal, and in nine of these the organ of Zuckeikandl was 
the site of oiigin, while one of the lemaimng two cases was in the light pleuial 
cavity The vast majoiity, howevei, will be found by a caieful exploration 
of the 1 enal ai ea 

Mici oscopically, the tunioi consists of nests 01 cords of polyhedral cells 
sepal ated by thm connective tissue stroma, neb 111 capillaries The cells vary 
111 size and have large nuclei containing chroniatin network Mitoses aie 
raie Sections of the tumor fixed 111 biclii ornate solution show blown pig- 
mented gianules 01 diffuse blown pigmentation present 111 many, although not 
all, of the cells This is evidence of secretory activity and is caused by some 
strong reducing substance, pi esumably epinephrine ® Epinephrine has been 
found to occur qualitatively in these tumors and quantitative detei minations 
have been made, as in tbe case of Kelly, Pipei, Wilder and Walters which 
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showed 120 mg of ciystalhne cpmephiine m half the tumoi, and it was esti- 
mated that theie would be 300 mg m the entiie tumoi All cases in which 
quantitative deteimmations have been made m these tumoi s have shown 
amounts of epinephiine fai in excess of the amount noimal foi the adrenal 
medulla 

Diagnosis — The diagnosis m these cases may be made by a caieful analysis 
of the histoi y Pai oxysmal attacks of hypei tension have been 1 ecoi ded as the 
outstanding symptom m most cases, and this may be associated with pie- 
coidial pain, tachycaidia, palloi and flushing, and sensation of cold followed 
by heat, sweating, nausea and vomiting aie not uncommon Pai oxysmal 
Itypei tension is not a pieiequisite foi the diagnosis, the hypei tension being 
constant duiing the last peiiod of obseivation m oui fiist case Peisistent 
hypei tension associated with pheochi omocy tomata has been mentioned pie- 
viously by Wells, and emphasized b}' EdwauP- Vasomotoi disturbances 
of some type which usually appeal in definite seizin es, apparently aie piesent 
in all cases Ceitain cases have simulated hypei thyioidism so closely as to 
lead to thyioidectomy An elevated basal metabolic late was piesent m both 
of oui cases This has also been lepoited by otheis " In seven of the cases 
in which the basal metabolic late was lecoided it was found to be distinctly 
elevated m thiee In ceitam instances massage ovei the tumoi may lesult 
in a shaip use in the blood piessuie 

We have been impiessed with the unusually high lenal function obseived in 
OUI two cases It appeals that the secietion of these tumoi s stimulates the 
noimal kidneys to increased function In some cases diminished lenal func- 
tion may lesult fiom the disease Also, as the lesiilt of the iiici cased epi- 
nephi me, glycosuria and hyperglycemia ai e commonly obsei ved 

Theie aie seveial methods by which the loentgenogiam may be of as- 
sistance in reaching a diagnosis Often the plain film 1 eveals a tumoi shadow 
in the supiaienal area Indnect evidence is also obtained by doing an intia- 
venous uiogiam 01 a bilateial pyelogiam, to see if theie is any downwaid dis- 
placement of eithei kidney Howaid and Baikei" stated that ii of then 18 
cases would have been demonstiated by making a pyelogiam A pyelogiam 111 
0111 second case would obviously have demonstrated the piesence of a mass, 
but no change was obseived by pyelogiaphy in oui first case In pyelography 
the size of the tumor is the impoi tant factoi , and a tumoi of considerable size 
IS lequiied to displace the kidney Eailiei methods of diagnosis of value 
befoi e tumoi s 1 each such a size are desii able 

Visualization of these tumoi s by peiiienal an injection has been employed 
by many, and its use in visualizing these tumors has been acknowledged by all 
It IS, however, not without risk, and fatalities have been lepoited fiom its use 
CahilP^ lecently reported a laige series of an injections, and feels that it is 
quite safe if ceitam fundamental precautions aie obseived Joelson^^ has 
employed the piocediue m a consideiable numbei of cases without a seiious 
event and feels that the seciet of safety lies in the slowness of injection of the 
an He takes 40 to 45 minutes to inject 300 to 400 cc , and in this mannei 
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avoids all unpleasant sensations foi the patient We have done a small num- 
bei of an injections and, although no fatalities have occuiied, there have been 
two patients with leactions seveie enough to cause hesitation m advising the 
pioceduie unless deal -cut indications aie piesent In cases in which a tuinoi 
IS strongly suspected but cannot be demonsti ated, we believe the suigeon 
should be prepaied to undertake a bilateial exploiation 

Tieatmcnt — The tieatinent is surgical lemoval of the tumoi, which can 
be expected to lesult in a cuie, foi this has been the lesult in all reported cases 
successfully opeiated upon, some now many yeais since operation Even in 
the patients with peisistent hyjiei tension, lemoval of the tumor lesulted in a 
pi ompt 1 etui n of the blood pi essui e to noi mal 

The choice of opeiation depends upon a numbei of factois, not the least of 
which IS individual piefeience We have piefencd the letioperitoneal opeia- 
tion aftei the technic desciibed b)'^ Young,'* which peiinits simultaneous bilat- 
eral exposuie of the adrenals and avoids the inti eased risk of the tiansperi- 
toneal appioach In cases in which the tumoi is laige, resection of the twelfth 
rib would gieatly facilitate the opeiation 

The piedilection of the tumors foi the light side is worth lemembeiing, 
but if there has been any doubt as to the side the tumor is on, this may be 
dispelled at the opeiatmg table, as in oiii case, even before the tumor is 
exposed Manipulation of the aiea will produce a shaip use in both the 
systolic and diastolic blood pi essui es, and when exposed, even the lightest 
pressuie on the tumor is lefiected in the blood pressure The event, however, 
which requiies careful pieopeiative planning is the clamping of the vessels 
and lemoval of the tumoi This is geneially followed by a profound fall in 
blood pi essui e and possibly a state of shock An ample supply of epinephrine 
must be leady, and m oui case lepeated doses weie necessaiy m order to 
maintain the blood pi essui e In addition to this, tiansfusion is almost essen- 
tial, and this should be administeied both dm mg and aftei operation until the 
blood pressuie is stabilized We employed plasma transfusion during opeia- 
tion in oui case, which seived admirably to suppoit the circulation 

Spinal anesthesia should be avoided because of its tendency to reduce the 
blood pressuie Basal anesthesia with dA^eitin supported by light nitious oxide 
and oxygen w^as satisfactory m oiii case 

No other method ot tieatinent has been of any benefit Deep loentgeno- 
theiapy has failed to bung any lelief in the cases in which it has been tiied 
Nor IS theie any satisfactoiy palliative tieatinent foi the attacks Amyl 
niti ite has been suggested to relieve the hypei tensive seizures m those patients 
piesenting paioxysmal hypertension, but the nitrites otherwise have been of 
little benefit 

The lecognition of the disease is most impoitant, so that one may advise 
against any other opeiation, foi these patients are pool operative risks and 
some of the deaths in such cases haA'e followed othei operations Therefore, 
the only opeiation which should be perfoimed is for the removal of the lesion 
which IS pioducing the disease 
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SUMMARY 

Two cases of pheochi omocytoma of the adienal gland are piesented 
In one case, seveie diabetes mellitus existed, togethei with an extieme 
polyniia, anioiinting to as much as 16,800 cc pei day 

One of the cases was coiiectly diagnosed pi eopei atively with the help of 
clinical data and without the aid of demonsti ation of a tumoi In this case 
operative lemoval of the tumoi has led to a complete cuie 

It has been emphasized that paioxysms of hypei tension aie not a necessary 
pait of the syndiome accompanying these tumoi s The piesence of hyper- 
metabolism bas been an outstanding featui e in these cases It is probable that 
bypeitbyioidism was not piesent m eithei case and, 111 one, the hyper- 
metabolism disappeaied following lemoval of tbe tumor Attention has been 
called to the diagnostic impoitance of high uiea clearance 
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The complex teratoid tumors of spectaciilai appeal ance aie rare 
neoplasms They occasionally present difficult diagnostic and theiapeutic 
piobleins The sites of occuiience in the older of then fieqiiency aie the 
jielvis, the abdomen, the saci ococcygeal legion, tlie thoiax, and infiequently 
the neivous system The teiatomata of the newborn usually have a disoideily 
aiiaiigement of geim layeis, described b}' Ewing as a “pot-pom ii” of fetal 
tissues The pieseiice of deiivatives from all three geim layeis, in contra- 
distinction to the deimoid tumoi, which is of ectodermal oiigiii only, classifies 
these tumoi s as teiatomata Some teratomata may exhibit a more adult 
structure of then geim layeis, even approaching the paiasitic fetus, m whose 
development theie is a more oi less noimal airangement of oigans To this 
gioup, Ewing has applied the teim “teiatoid tumoi s” 

A gieat vaiiety of oigans m vaiious stages of development have been 
found, eg, fiom the ectodeim — neives, epidermis and deimoid cysts, from 
the entodeim — bionchus, intestine panel eas, liver and adrenal gland, and 
fiom the mesoderm — fibious tissue, caitilage, bone, smooth and stiiated 
muscle The saci ococcygeal teiatoid tumoi s seem to be moie prolific in pro- 
ducing ludimentary oigans than those aiising m othei sites The bone tissue 
ma} actually condense into well-formed extiemities such as a forehand, hand, 
tibia, femui oi toes It lequiies no imagination to conceive of these complex 
saci ococcygeal tumoi s as the aboitive half of a fused, monstions, pygopagus 
twinning 

The teiatoid tumoi, with its gieat degree of tissue difteientiation, seldom 
undeigoes cancel otis transfoiination It has been asseited that the benignity 
ot such a tumoi can be assured, if muscle twitching, peiistalsis oi the piesence 
of bone can be denionstiated This statement is practically tine, but tlieie 
have been isolated examples of embiyonal cancel developing in these tumors 
with local lecuiiences after lemoval and distant metastases causing death 
(De Veei, Bioudei, Rennei, Goodsitt, Steuait and Ciaig) 

Diagnosis — In the gioup of published case repoits, these tumors aie more 
common in females than males — a latio of more than 3 to i The presence 
of the tumoi is usually obseived at biitb — 65 of 72 cases, as leviewed by 
Chaffin The tumoi ma}'^ be sufficientl}^ bulky to complicate the deliveiy of 
the infant If situated inti apelvically, the diagnosis ma}’^ not be suspected 
until unnaiy 01 bowel destiuction occuis 

The saci ococcygeal teratoid tumoi must be differentiated fiom a pilonidal 
C3'^st, meningomyelocele, dermoid cyst and congenital anal atresia A careful 
physical examination, and 1 oentgenologic studies, iisuall} lead to the coireel 
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diagnosis The meningoiii} elocele is compiessible, and such piessuie will 
cause bulging of the anteiioi fontanelle, fui thei moi e, coughing and ciying 
pioduce an expansile pulsation which is lacking in the teiatoid tumoi The 
discoveiy of exti askeletal bone in the loentgenogiams establishes the diagnosis 
of teiatoid tunioi Although neiuologic changes aie not often associated 
with saci ococcygeal teiatoid tumoi s, it should be home in mind that defects 
of the spinal column, spinal coid and membianes may occui 

All saci ococcygeal teiatoid tumoi s oiiginate letioiectally, although they 
may aiise doisal oi vential to the sacium The teiatomata situated on the 
doisal aspect of the sacium (see piesent case lepoit) aie laie in comparison 
with the same tumoi s spimgmg fiom the anteiioi aspect oi hollow of the 
sacium The oiigin is usually between the lectum and lowei segments of 
the veitebial column, the tumoi often glows dowimaid to become extiuded 
and hang as a sessile oi pedunculated mass between the legs If the tumoi 
lemains within the pelvis, ol3Sti uctioii to the uiethia and lectiim may occui 
Tieatment — Ewing has stated that one-thud of the fetuses with sacro- 
coccygeal teiatoma aie bom dead and 90 pei cent of the otheis die soon aftei 
birth Those infants who suivive should have then tumoi s lemoved as soon 
as then physical condition peimits The defoimity itself sufficiently justifies 
the operation Even though the tumoi piesents posteiiorly, its giowth may 
lesult in destiuction, by piessuie, of the gluteal muscles and fat Piessuie 
neciosis, ulceiation and secondarj'^ infection 111 the tumor itself are serious 
complications of delay in tieatment The suigeon must use great judgment 
in deciding the optimal time foi excision The shock associated with this 
operation may be gieatei than expected The mtrapelvic teiatoid tumoi s 
piesent a more difficult suigical pioblem Inasmuch as these tumors aie 
extiapentoneal and aiise posteiioi to the lectum, the approach should nevei 
be through a supiapubic incision, but rathei by lesectmg the coccyx and, if 
necessary, the terminal veitebiae (Peaise) In some instances the tumoi 
can be shelled out without sacrificing any of the lowei veitebial column, but 
the surgeon should nevei hesitate to do so to assuie adequate exposure and 
complete removal 

Case Report — A B , a male infant, four weeks old, was admitted to the Mixed 
Tumor Service of the Memorial Hospital, Apiil 12, 1938 The delivery was reported as 
being normal, spontaneous and full-term Since birth, the infant had been a feeding 
problem, and the third successive formula was being tried A definite maternal and 
paternal history of twinning was obtained 

Hist 01 y — At birth, a tumor mass was observed ovei the lower spine and right 
buttock This increased 111 size m pioportion to the child’s growth The mother stated 
that at birth there was a small but definite rudimentary umbilical cord attached to the 
mass This later sloughed, leaving a small ulcer wdnch remained unhealed The mother 
also noted that wdien the child nursed there w'as a contraction over the low^er portion of 
the mass The tumor apparently caused the infant no pain and little inconveinencQ 

Physical Eiammaiion — The child was a w^ell-developed, slightly undernourished 
male infant, with a prominent tumor mass, measuring 8x7x4 cm , overlying the lower 
sacrum and right buttock The tumor was covered bj' intact, elastic skin, except at one 
edge where there was a puckering of the skin which suggested a rudimentary umbilicus 
The presence of this navel and antecedent cord indicated a high degree of tissue differen- 
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nation, ajiprodching a panbitic fttiis in cIiaiattLi Tlic consislenc\ of tlic mass varied, 
111 the upper poition were seveial small, louiicl fluctuant lobules, m the low'er portion 
an iiiegular, firm nodule with definite skin attachment, resembling eaitilage or bone 
Stioking of tbe overhing skin produeed tw'o types of motihte (i) A superficial con- 
traction of the skin, not unlike that seen m the ciemastenc reflex, md (2) a deep 
veimicular movement similai to peiistalsis within the eontents of the mass The child 
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(A) Infant age siv ^^eeks saciococc\geal teratoid tumor 

(B) Same infant age 13 months Preopeiatne condition 

(C) PostoperatiA e condition 

(D) Gross specimen, showing 78 cm of intestine, B1 = urinarj bladder, L Int = large intestine 

w'as permitted to nurse and, on sw'allownng, the same contractions took place as were 
produced by stroking No sensory or motor changes could be demonstrated m the low^er 
extremities There w^as pronounced dilatation of the superficial abdominal veins Roent- 
genologic studies show ed no apparent defect m the sacrum and cocc\ x Bony shadow's 
of different densities w'ere visualized roentgenographically w’lthin the tumoi 

Treatment — Surgical removal was not considered advisable until a later date because 
of the age, poor state of nutrition, and general phjsical condition of the child Periodic 
examinations were made until the child was one jear of age, at which time it was ad- 
mitted for surgical excision of the tumor During this year of observation, the increase 
111 size of the tumor was not disproportionate to the growth of the child, as a whole 

Opoafwn — Performed under ether anesthesia, April 5, 1939 The tumor was excised 
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through a wide elliptical incision The dissection was relatively close to the capsule of 
the tumor and a good plane of cleavage was encountered except at the base where there 
was a stalk-like attachment to the sacrum Adequate skin flaps permitted closure of the 
wound with interrupted silk sutures A marginal stab wound was made for drainage 
The postoperative course was uneventful, apart from a slight wound infection near the 
anus The patient was discharged m good health on the se%enteenth postoperative da) 
The child was seen recently (October, 1941) and showed no evidence of residual tumor 
Theie was only a slight central depression of the scar over the sacrum 

Pathologic Examination — The specimen consisted of an excised mass, surmounted 
bv an ellipse of skin, measuring 8x10 cm The subcutaneous tumor was made up of fat, 
connective tissue, bone, fragments of ban and a large length of intestine, which, when 
uncoiled, measured 78 cm m length It was dnided into segments by occlusion of the 
lumen and contained a thick, greenish, mucoid substance which w'as chemically negative 
for the presence of bile Along the course of this loop of intestine w'ere situated three 
small out-pocketmgs, which contained clear, thick, mucoid material A fourth globular 
out-pocket contained clear, wateiy fluid Micioscopically, this cloacal sac, or diver- 
ticulum, ivas identified as unnarj bladder Microscopic studv of various parts of the 
tumor disclosed structures identifiable as well-formed adrenal (lacking medulla), poorlv 
formed brain, fetal fat, epidei mis, w'cll-formed urmar\ bladder, large intestine, bone 
cartilage, and questionable bronchus 

REFERENCES 

^ Brines, R J A Large Teratoma Containing Rudimentary Arm Bones and a Hand 
JAMA, 103, 338, 1934 

- Bucy, P C, and Buchanan, D N Teratoma of the Spinal Cord Surg , G\nec, and 
Obstet, 60, 1137, 193s 

® Buev, P C , and Haymond, H E Lumbosacral Teratoma Associated w’lth Spina 
Bifida Occulta Am Jour Path , 8, 339, 1932 
* Buddie, M Cited bv Rosedale 

’’Chaffin, L Clinical Aspects of Sacrococc^geal Teratomas Surg, Gynec , and Obstet, 
69. 337, 1939 

® Ew'ing, J Neoplastic Diseases Philadelphia, W B Saunders Company, 1928 
Plansmann, G H, and Berne, C J Sacrococc) geal Teratoma Arch Surg, 25, 1090, 
1932 

® Harrington Cited bv Love and Molrsch 

” Hundling, H W Ventral Tumors of the Sacrum Surg, Ginec, and Obstet, 38, 
518, 1924 

Love, J G, and Molrsch, F P Sacrococcygeal Teratoma in the Adult Report of a 
Case Arch Surg, 37, 949, 1938 

McKnight, H A Sacrococcygeal Teratoma in New'born Am Jour Surg, 46, 

387, 1939 

Middeldorpf Cited by Love and Molrsch 

Morris, K A Sacrococcvgeal Teratoma Report of a Case Am Joui Surg, 33, 
285, 1936 

Pearse, H Removal of Ventral Tumors of the Sacrum b) the Posterior Route 
Surg, Gynec, and Obstet, 33, 164, 1921 

Renner, R R , and Goodsitt, E Sacrococcvgeal Teratoma Report of a Case of 
Double Tumor m New'-boin Infant Am Jour Cancer, 24, 617, 1935 
^“Rosedale, R S Sacrococcvgeal Teratoma Report of a Case Am Jour Path, ii, 

323, 1935 

Stew'art, J D, Alter, N M, and Craig, J D Sacrococogeal Teratomata with 
klalignant Degeneration in Childhood Surg , Gvnec , and Obstet , 50, 85, 1930 
^®deVeer, J A, and Brow’der, J Sacrococogeal Teratoma Annals of Surgfry, 
105, 408, 1937 


80 



MALIGNANT DEGENERATION OF NEUROFIBROMATA OF 
PERIPHERAL NERVE TRUNKS (VON RECKLINGHAUSEN’S 

DISEASE) =< 

Kellogg Speed, M D 
Chicago, III 

The malignant degeneration oi metaplasia of iieui ofibromata of the 
laige neive ti links in von Recklinghausen’s disease is the object of this lepoit 
Hosoi tabulated 65 cases in 1931, and since then seveial leports have ap- 
pealed in the liteiature The benign foims of the disease are often ovei- 
looked by the suigeon, but not by the deimatologist, whereas the dangers of 
incomplete opeiations or nritation of these tumois in peripheral nerves are 
almost unappreciated by suigeons, although pathologists, such as Ewing, have 
called attention to them 

Peiipheial neives composed of bundles of neniaxones 1 mining out fiom 
cential neive cells aie hound togethei by vaiious sheaths for the neive tiunk 
Each neuiaxone is suiiounded by a sheath, the endoneurium is the connective 
tissue sheath outside the sheath of Schwann which encloses myelinated nei ves 
This endoneurium blends with the pei ineui lum which hinds bundles of smallei 
fibers togethei to foini a fascicle, while the epmeurium is a membrane en- 
closing the entne nerve tiunk, composed of mixed collagenous and leticulm 
fibers It IS probable that peiipheral neuiogenous tumois, 111 most cases, 
develop from these sheaths Some neive ti links are even more complex, 
including sympathetic fibers and ganglion cells which may complicate tiimoi 
formation within them 

Ewing has classified the fibrous tumors aiismg fiom neive trunks as 

(1) Cutaneous neuiofibioma (fihioma molluscum, von Recklinghau- 
sen’s disease) 

(2) Neurofibroma of subcutaneous and deepei nerve trunks, divided 
into 

(a) Plexiform neuiofibroma 

(b) Visceial neuiofibroma 

(c) Neurofibiosaicoma (neuiogenic saicoma) 

von Recklinghausen’s neui ofibi omatosis has protean manifestations Many 
of its tumois have no appaient relation to nerve tissue as such, but may 
simulate multiple forms of lipoma, myxoma, pine fibroma and the multiple 
foci of sebaceous gland hypei trophy seen m Pi ingle’s disease Multiple 
forms of keloid fibioma may be confused with and included in the concept of 
neurofibi omatosis 

Gaire, in 1892, desciibed pi unary saicoma of neives not associated with 
von Recklinghausen’s disease, and secondai)'- sarcoma of nerves due to sai- 

Read before the Central Surgical Association Chicago Februarj 27, 1942 
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comatous degeneration of pi eexisting neui ofibi omata, a pai t of von Reckling- 
hausen’s disease Pninaiy saicoma of neives is usually veiy malignant, with 
lapid gio\\th and invasion of suiioundiiig tissue, leading to mteinal inetas- 
tases without local oi legional lecuiience In the secondaiy foim, develop- 
ing in peiipheial neives of patients subjects of von Recklinghausen’s disease, 
the saicoma develops m one of the preexisting neurofihi omata, possibly fol- 
lowing trauma or foi no known leason, and begins to enlaige quite rapidly 
It is at fiist enclosed m its fibious capsule where it may lemain for a long 
time It early becomes painful and latei causes exciuciating distiess in its 
invasion of large sensoiy neive tiunks If operation is undei taken, usually 
resulting m incomplete lemoval of the giouth recurience follows lapidly, 
with gieat pain, local giowth and distant metastases much delayed The oc- 
curience of saicoma m the neui ofibi oma of jieripberal nerves averages from 8 
per cent to 15 pei cent accoiding to A'aiious authors Other tumors of von 
Recklinghausen’s disease, not necessaiilj' situated m laige neive tiunks, seem 
to be incited to lapid giowth and possible malignant degeneration bj such 
operative inteiference It is because of the failuie of the surgeon to lecognize 
these points that these two case lepoits, out of 15 instances of neurofibio- 
matosis (von Recklinghausen s disease) admitted to the Piesbjterian Hos- 
pital, Chicago, appeal woithy of lecoid on account of sai comatous degeneia- 
tion of laige peiipheial neive trunks 

CASi: REPORTS 

Case I — R F, female, mairiecl, age 35 was admitted Maicli 10, 1915, fiiiallj dis- 
charged March 17, 1916 Death in January, 1917, from metastases m the lungs and brain 

She had carried the manifestations of von Recklinghausen’s disease, with man\ 
tumors, and cafe-au-lait spots, since childhoo 1 Hei complaint w'as a sw'ellmg of die 
left thigh behind the knee, wdiich had begun in June 1915 causing at first dull and later 
shooting kmfe-like pains in the sciatic distribution She w'as emaciated There was a 
history of a fall on the ice 12 jears before, follow^ed bv development of this tumor and 
one near the head of the left peroneous longus oiigin Her mother, and all of her seven 
children, had multiple pigmented moles , one brother and one sister had multiple sub- 
cutaneous tumors similar to the patient’s The mass of her left thigh measured 47 5 cm 
in circumference, compared to 25 5 cm for the right thigh The left leg w'as normal 
except for some edema and interfered with function on account of the size of the tumor 
Operation to disarticulate the hip w’as performed March 16 1915, bv Doctor Phemister 
A diagnosis of sarcomatous degeneration of neurofibromata (von Recklinghausen) w'as 
made The histology show^ed many forms of cells varjmig from small round to spindle 
in character along with mitotic figures No nerve tissue w'as distinguished 

Case 2 — O P, male, age 23, married, w'as admitted on several occasions between 
September 16, 1937 and October 2, 1941 This man w'as studied over four years as a 
sufferer from neurofibromatosis, with quite large tumors developing m several peripheral 
nerves — sciatic, radial and median The tumor m the right median ner\e finally led to 
amputation of the right arm high up, follow'ing a diagnosis of sarcomatous degeneration 
He IS still alive, February, 1942, with no evidence of metastasis 

Since childhood he had had multiple soft tumors of the skin in various parts of the 
body, along with multiple spots of brow'iiish pigmentation The tumors w'ere not pain- 
ful and they now feel like fattc, discrete protrusions, all sessile and not pedunculated 
In 1933, he developed a mass in the right thigh, posterior aspect, w'hicli has increased 
in volume until it has reached the size of a grapefruit This interfered w’lth sitting and 
full extension of the leg, and was accompanied bj pain m the sciatic distribution Sliorth 
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after the tumor of the sciatic neive developed, in 1933, theie appealed in the right fore- 
arm, on the volai aspect, a similar mass Avhich at first was not painful but led to weak- 
ness 111 the hand, although some motions of the hand and fingers were still possible 
The principal interference was confined to median nerve distribution 

The thigh tumor seemed so hard in one area that calcification was suspected, although 
the tunioi seemed to infiltiate into the muscle spaces like a diffuse lipoma It was 
evidently part of the von Recklinghausen s disease present 



Fig I — Cnse 2 B^ck view in 1937, when t small hinibai tu 
moi was removed for histologic examimtion The discolored 
(cafe ail Hit) spots and innunieiahle tumors aie seen 


The blood was normal and the Wassermann test was negative The foiearm tumoi 
had begun to become painful for the last five weeks and, in the last four months, had 
assumed rapid growth The subjective sensation in the forearm was one of throbbing, 
accompanied by prickling up and down the arm and constriction near the center of this 
mass Some of this distress was relieved tempoiaiih b\ aspirin and bj extending his 
ai 111 above his head 

On September 18, 1937, one of the small tumoi s m his lumbar itgion w'as lemoved 
foi histologic studv This had nonmalignant fibrous cliaractenstics Tw'O dajs later, 
the large tumor of the right thigh and sciatic nerve w'as removed and show'ed no malig- 
nant findings, nor did there develop anj lecuiieiice m the next four jeais 

On September 28, 1937, a nme-mch incision was made on the volar aspect of the 
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right foreaini A large whitish mass was uiicoveied just beneath the bellies of the 
palmaiis longiis and the flexor caipi ulnaris, which had been split to expose the field 
The tumor was almost caitilagmous m consistency and appearance and was intimately 
associated with the sheath of the median ner\e Several smallei tumois, more fibrous 
in character and round m shape, lay m proximity to the mam mass All were dissected 
away without known injuij to the median nerve, though some spots m the sheath of 
the ner\e had to be cut awaj b} the shaip dissection The neive was dropped back 
into place, muscle and fascia wcie closed o\ci and the skin sutured 



Fig 2 Fig 3 

Fig 2 — Case 2 Showing tumor of sciatic nerie before renioial 111 1937 
No recurrence to date 

Fig 3 — Case 2 Forearm specimen (1941) after amputation showitiR 
final recurrence after two operations of tumor of median nerve It is still 
fairly well encapsulated but the nerve is grossly enlarged 111 both directions 

On section of this mass, no ulceiation or destruction of tissue was seen, only loose 
fibrillar structure in wdiich were embedded spindle- and stellate-shaped nuclei Most of 
the fibrils were indistinct with amorphous spaces between them There were some 
collections of Ijmphocjtes No tissue identifiable as nerve fiber could be found 

On August 24, 1940, this tumor had recurred locallj, wnth increased pain, and a 
second removal was attempted by a similar procedure At this time, the tissue appeared 
more collagenous and myxomatous and spread out, invading surrounding tissue and the 
nerve sheath, extending almost to the elbow', so that complete surgical removal was not 
possible A section showed rare mitotic figures After this w'ound healed, he was gnen 
about 1,000 r roentgenotherapy 
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On June lo, 1941, on account of the severe pain, the median neive just below the 
elbow was injected first with a small amount of novocain and then with several cubic 
centimeters of absolute alcohol At this time, there had now appealed a rapidly growing 
tumor, nearly the size of a small orange, on the radial nerve at the back of the arm 
This was exposed and the mass, 3X15 inches, was surgically removed Its invasion of 
the nerve was such that the mam trunk was severed and, although a few fibrils were 
preserved, the neive vas mostly destioyed and a drop-wiist followed A cock-up splint 
was applied, and foi a while the pain disappeared 

Both pain and local recurrence followed rapidly The tumor again appeared larger 
in the forearm than it had ever been, and after a clinical diagnosis of sarcoma, amputa- 
tion of the right arm was pioposed and performed, October 3, 1941 The level of the 
amputation was well above the site of the incision for removal of the tumor on the 
radial nerve In the arm tissues it was seen that the middle trunk of the brachial plexus 
was grossly enlarged and thickened to about three times its normal diameter, as if the 
tumor mass had invaded this trunk and was extending upward The cut off trunks of 
the plexus were injected with absolute alcohol There had been no local recurrence 
or metastases yet 

CONCLUSIONS 

Development of pain in the distiibution of a peiipheial neive, the site of 
a tumoi m a patient afflicted with von Recklinghausen’s disease, is highly 
significant of sarcomatous degeneiation of that tumoi 

Excision of any tumoi mass involving a peripheial neive in this disease 
must be cautiously undei taken and thoioughly peifoimed It may lead to 
local recuiience and distant metastases 01 excitation of other tumors of the 
disease elsewhere 111 the body 

When saicomatous change is suspected, eaily amputation, if possible, is 
probably the treatment of choice In the lepoited cases in the liteiature, 
1 oentgenothei apy in its piesent state at least seems unavailing 
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CANCER OF THE CERVICAL ESOPHAGUS 
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FROM THF THOR\riC btmrrc\l SFRMCF, MFMORIAI HOSPITAL NFM 10RK N Y 

The ultimate aim of the smgeon in dealing with diseases of the cervical 
esophagus has been to devise a safe and adequate opeiation for the cure of 
cancer in this locality A hiief leview of the histoiy of surgical pi ogress in 
this field seems indicated, and, although many notalile names aie identified 
with this woik, it IS possible to mention onlj' a few of the majoi contributions 
in this repoit 

The eaihest and simplest lecoided esophageal opeiation was an emer- 
genc}^ esophagotomy foi the exti action of a foieign body earned out bv 
Goursauld,® m 1738 Some 80 yeais latei it Mas fiist successfully pei formed 
by Roland^- Latei, in 1833. Ainott^ attempted the opeiation at the Middle- 
sex Hospital, hut the patient died 56 houis aftei operation In 1858, Cock‘‘ 
had a successful venture, and, in 1868, CheeveC lepoited two successful cases 
It IS of mteiest to note a lack of lepoits m the hteiature dealing with the 
surgical extiipation of the ceivical esophagus until 1871, Mhen Billroth- le- 
ported on his suigical expeiience with the dogs’ esophagus The paucity of 
subsequent medical reports dealing with the esophagus in geneial and the 
cervical poition in particulai leads to the suspicion that a seal city of suitable 
operative material, coupled Muth a shockingly high opeiative mortality, tended 
to discourage suigical endeavoi along this line 

The ceivical esophagus was not consideied a suitable province foi surgical 
endeavor until 1877, Avhen the first human cervical esophagus was extirpated 
by Czerny’’ He made an incision along the left anteiioi border of the 
sternocleidomastoid muscle, mobilized and excised a segment of cervical 
esophagus, six centimeteis m length, sutured the distal opening into the loM’er 
angle of the Mmund and used it foi feeding purposes His patient made a 
satisfactory postopei ative recoveiy, but died of lecurrent cancer 15 months 
later 1 his pioneei operation opened the cervical esophagus to surgical attack 
The second surgical advance m this Avoik Avas by Mikulicz In 1884, he 
lesected a ceivical esophagus foi cancel and peifoimed a plastic-flap repair of 
the postoperative fistula, which was technicall}^ successful and permitted his 
patient to enjoy eating solid food ten da)^s aftei operation Recuirent cancer 
caused the death of this patient 16 months later 

Von Hackei,^' in 1908, leported a leview of the hteratuie, including a 
collected series of 25 cases, -with an operative moitahty of 48 per cent The 
longest survival in this group M^as 16 months He added a case of his own in 
which a gasti ostomy was followed b} a lesection of the cervical esophagus and 
complete extirpation of the laiynx Later, a two-stage plastic procedure w'as 
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successful in fashioning a skin tube of two lateial rectangulai skin flaps His 
patient was living and well i6 months after opeiation, and had gained 40 
pounds in weight, but the final 1 esult is not recoi ded 

Lane,'’ in 1911, lepoited that he had resected a ceivical esophagus and had 



Tjr 2 — CT)e I Rotntgeiiognm showing the tiiinor of the first 
poition of the cer\icil esoplngii« 

used a single hoiizontal skin flap with its base in the left neck to close the 
defect, suturing it to the uppei and lo^\ ei edges of phai yngo-esophageal defect 
After film continuit}' of the tube was established, lecurient cancel invaded the 
carotid arlei y and caused a fatal bemoi rhage 

Eggeis,” in 1925, repoited a case of lesection of the ceivical esophagus and 
laiynx foi cancel, and the following yeai (1926) Toiek” reported a similar 
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case Unfoitunately, both these patients died of their disease shortly after 
operation 

Sir Wilfred Tiotter/'' in 1937, repoited a ten-year suigical cure His 
patient came to autopsy and no evidence of cancel was found A considerable 
amount of hair had giown into the lumen of the 1 econsti ucted ceivical 
esophagus 

Arthur Evans,'’’ anothei English suigeon, lepoited a 23-year cure of cancer 
of the ceivical esophagus by radical excision of the ceivical esophagus and 
laiynx 

Case I lepoits the successful management by a combination of radiation 
and suigical measuies of a patient with cancel of the cervical esophagus pre- 
senting three sepaiate ceivical lymph node metastases This patient is alive 
and m good health five and one-half years latei 

Case I — Caicnwvia of Covical Esophagus G M, male, age 70, was admitted to 
Memorial Hospital, April i, 1936 For a jear he had noted the gradual enlargement of 
a lump in his neck accompanied b} increasing nervousness and slight difficulty in swal- 
lowing Examination revealed an elderly patient of the thin, wiry, highly nervous t3pe 
In his left neck, there were three masses The largest one was four centimeters in 
diameter located beneath the sternocleidomastoid muscle and apparently attached to the 
left lobe of thyroid gland A smaller mass was noted at a higher level, and the third 
was partially palpable behind the left sternoclavicular junction (Fig i) 

A node was removed and reported as showing metastatic epidermoid carcinoma, and 
the working diagnosis of carcinoma of the thyroid had to be dropped Radiographic 
studies suggested a lesion of the upper cervical esophagus (Fig 2), and direct examina- 
tion revealed a small outcropping of cancer at the esophageal entrance A biopsy was 
obtained to confirm the diagnosis 

The neck masses were surgically exposed and gold-filtered radon seeds with a value 
of 88 millicunes were inserted At a later date a dose of 15 milhcuries was added, 
making a total of 103 millicunes Roentgenotherap3' was instituted and 2,500 r was 
administered through a five-centimeter lo.wer neck portal 

It IS now five and one-half 3’’ears since treatment was started The patient has gained 
a little weight, and has no eating difficulties except those he attributes to the lack of a 
lower dental plate The treated side of his neck is atrophic and fibrotic, with telangiectasis 
of the overlying skin, and there is a suggestion of a left Horner’s syndrome 

Five Other patients were explored who had cancer of the ceivical esophagus 
and inoperable extensions of the disease found, in each instance gold-filteied 
radon seeds weie inserted at operation, 3 vithout, however, influencing the 
lapidly fatal teimination of the disease 

Jens Nielson,-’^-'^ of the Radiumhemmet, lepoited, in 1940, the history of a 
48-yeai-old housewife tvith cancer of the ceivical esophagus free of disease six 
and one-half yeais aftei aggiessive ladiation theiapy The patient 3\as symp- 
tom flee m 1940, and had gamed six kilograms in 3 veight 

Case 2 — Carcinoma of Ceivical Esophagus J F, male, age 69, was admitted to 
Memorial Hospital, July 21, 1937 For three months he had noted gradualfi" increasing 
dysphagia accompanied 83 a feeling of substernal pressure and a sore throat 

On examination, the patient had the pasty, emaciated appearance, typical of his dis- 
ease Esophagoscopy levealed a bulk3, friable, cauliflower-hke mass m the first portion 
of the cervical esophagus A biopsy study was reported as epidermoid carcinoma, 
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Grade 2 Roentgenograms revealed a filling defect in the upper esophagus and a soft 
mass causing partial obstruction of both food and air passageways (Fig 3 A and B) 

Treatment was by divided doses of roentgen ray, and his reaction w^as quite severe 
The initial edema caused a dangerous narrowung of the trachea and a tracheotomv was 
necessary Later, regression of tumor w'as complete, and the tube was soon discarded 
A gain of 17 pounds in weight w'as noted, and periodic bougie dilatations have maintained 
a relative freedom from dysphagia foi a period of more than four years Myocardial 
fibrosis and coronary artery disease complicate this man’s prognosis 



(A) (B) 

Fig 3 — Case 2 Roeiitgenogiams showing (A) the large tumor of the cervic il 
esophagus causing marked tracheal compression and (B) postradiation regression The 
patient is alive and well o\er four jeais 

It IS agi eed by most observers that cancel of the cervical esophagus causes 
one in eveiy lOO deaths due to neoplastic disease In othei words, the disease 
is a 1 datively common one, and the mateiial for its study should, theiefoie, be 
adequate Hoaiseness, pain and dysphagia aie the usual symptoms, and they 
occur quite eaily m the couise of the disease The cervical esophagus is well 
knowm to be surgically accessible Given a common disease, located m a 
leadily accessible poition of the body, and calling attention to itself by eaily 
symptoms, one may then ask why “cancel of the ceivical esophagus is still the 
lealm of experimental suigeiy” 

Foi a number of yeais, I have been inteiested in cancer of the esophagus 
and have reviewed much of the oldei hteratuie and most of the lecent repoits 
dealing with this disease, and it is obvious that theie has been a consideiable 
levival of inteiest in the suigical appioach to the pioblem of cancel of the 
esophagus The improved anesthesias now' available, the efficient chemicals 
at hand to combat infection, and an impi ovecl sui gical knowdedge of the pai ts 
involved encouiage one to take an optimistic position as legaids the future 
contiol of this disease 

At the same time, it must be lemembeied that adequate cancel surgeiy 
lequnes not only that the patient make a satisfactory postopeiative recover}', 
but he must also In e long enough to w ai i ant the conclusion that his neoplasm 
has been completely remo\ed A technically successful operation for the ex- 
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tirpation of a cancel does not, in itself, entitle the opeiatoi to the piivilege of 
reporting his expeiience 

In one lecent case of cancel of the cervical esophagus treated by suigical 
extirpation and plastic lepaii, the method of attack was suggested by the 
lepoit of a ten-yeai cuie hy Mi Wilfied Tiottei The exact sequence of 





(B) 

Tig 4 — Ctsc 3 (A) C^Ilcer of the cerMcil e-ioplngus (B) 

H ishimoto s strurm 


events in oui patient’s suigical caieer does not appeal in the medical liteiature 
of the past, and so may aftoid a piactical basis for futuie eflfoit and also seive 
to point out certain pitfalls to be avoided 

Case 3 — Caicinoma of Cervical Esophagus S I, female, age. 49, had complained 
of dysphagia for seven years, with occasional episodes of complete obstruction caused 
by a bolus of food which could be dislodged only' by induced vomiting or by swallowing 
water A diagnosis of carcinoma of the first portion of the esophagus was established in 
March, 1940 by' Dr Wm Wuester, who discovered a small lesion on esophagoscopy and 
took a biopsy' (Fig 4A.) A Jaiieway-tvpe gastrostoniv was performed by him, and the 
patient was then referred to the Thoracic Surgical Service at Memorial Hospital 

Treatment has been by surgical measures, and a number of steps have been neces- 
sar\ The first procedure was carried out under intratracheal cyclopropane anesthesia 
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A wide rectangular incision was made acioss the lowei neck, with its base on the left 
side The lower half of the right sternocleidomastoid muscle was excised, revealing a 
hard, adherent, right lobe of thvioid gland, which was also removed (Fig 5) (Histo- 
logicallv, this proved to be a Hashimoto’s struma (Fig 4B) and not cancel infiltration ) 
The esophagus was mobilized and the piepared skin flap placed behind it and the wound 
closed (Fig 6) During the subseriuent ten da3rs tension and mteiference with blood 



muscle -cub 

Fig 5 — The right steinocleidoniastoid and strap muscles ln\e 
been escised and the right lobe of the thjroid gland lemoved e\ 
posing the cervical esophagus ind the tunioi 



Fir 6 — The esophagus has been mobilized and t ipes passed around 
it, ibove and btlovv the tumor 

supply caused necrosis of the exteriorized portion of esophagus, and at the second opera- 
tion the necrotic portion was removed bj' cauterv and the upper and lower apertures 
sutured to the skin (Fig 7) 

During the next eight months various unsatisfactorv' measures were emplojed m an 
attempt to maintain a communication between pharynx and esophagus When the stric- 
ture finalh closed and obstruction became complete, the first step m the plastic recon- 
struction was earned out under local anesthesia bv opening the right side of neck, excis- 
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mg old scar, mobilizing tiachea and laijiix and placing in the defect a large Padgett skin 
giaft This graft was obtained from a comparatively hairless portion of the right lower 
abdomen, and it healed in place by primarj union (Fig 8) 

After an interval of three months, the patient was readmitted and a retrograde 
esophagoscopy was undertaken and a small olue-tipped bougie was passed upw'ard to 




Fir 8 — Plastic repair (A) and (B) show the incision and the exposure (C) 
The hairless site of skin graft (D) The graft in place 


the point of obstruction in the lowei neck A small incision was made in the graft at 
the point where the bougie could be palpated (Fig 9) A black silk thread was then 
tied to the bougie and brought out through the gastiostomv stoma The optimum point 
for incising into the pharanx was located in the same fashion (Fig 9), and the same 
black silk thread was then brought out the patient’s mouth and anchored to the skin of 
the cheek (Fig 10) 
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After a short interval, the apeitures were greatly enlaiged and an accurate approxi- 
mation of skin and mucous membrane was obtained 

The final operative step was carried out June 3, 1941 The anteiior wall of esophagus 
was formed by infolding the lateral portions ot the graft so as to form a continuous tube 
from pharynx to esophagus (Fig ii) Five grams of sulfathiazole was then placed in the 




Fig 10 — Cise 3 Apertuies ln\e been nnde in the npjiLi 
ind lower angles, and a string passed from the mouth down to, 
and through the gastrostom> stom i 

I 

wound, and tlie skin edges closed without tension over the tuiie A full liquid diet was 
taken on the seventeenth dav postoperative, and soon tiie patient was allowed a normal 
diet (Figs 12 and 13) 

Counuenf — This patient had a vei} earh cancel of the cer\ical esophagus 
developing in an aiea of leukoplakia, piobahl} the lesiilt of chronic partial 
obstuiction of tltyioid oiigin She is well onh i8 months aftei excision of 
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1 10 II — Sliounig the foinulion of i new skin lined tube comiectmt, the i)Inr>n\ 

*incl the c*>opinj,us 



lie 12 — Photoj,riph showing the pitient nftei the fiiitl 
stTj^e of the pHstic closure 
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CANCER OF THE CERVICAL ESOPHAGUS 


the esophagus, and time alone will deteimine whethei or not she is cuied of 
hei cancel One can only hope that stnctuie oi luptuie will not occiii or an 
overgiowth of han cause esophageal obstiuction 

One patient with cancel of the ceivical and uppei thoiacic poitions of the 
esophagus was ti eated by gasti ostomy and ti ansthoi acic and cei vical esophag- 
ectomy 111 June, 1941 The patient made a suigical lecoveiy, hut it is too 



Fig 13- — Cuse 3 Roentgenogram showing the i econstructetl cervi 
cal esonlngiis aftei bnrnini swallowing 

lecent a case to M^airant discussion as to the value of this pioceduie How- 
ever, it is safe to say that this appioach allows the opeiatoi an oppoitumty of 
accomplishing a faiily wide tumoi excision, and may do much to pi event the 
high recunence late noted m the hteratuie 

SUMMARY 

Cancel of the uppei esophagus is shown to be a ‘cuiable” disease by 
ladiation measuies A surgical approach to the disease, with a method of 
tubulai leconstuiction, is desciibed in a detailed case lepoit 
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{Note — The discussions contain lefcrcnccs to benign conditions of the cervical csofihaaiis 'vhich 
foitncd a part of the original jcport as presented to the Ne-u York Surgical Society These benign 
conditions have not been included in the paper fot publication ) 

Discussion Dr John H Garlock (New Yoik) said that there is a 
rather general agreement today concerning the surgical tieatment of a pulsion 
diveiticulum of the ceivical esophagus The only point for discussion is con- 
cerned with a one- or two-stage operation Doctoi Garlock believes that, in 
average hands, the two-stage procedure is a safer one and probably is most 
often utilized thioughout the countiy 

With lespect to cancel of the cervical esophagus, it has been the experience 
of most observers that the majoiity of these cases leport for tieatment after 
the tumoi has become inoperable Most of the patients that he had seen had 
been treated by ladiation methods The unusual result repoited b}”^ Doctor 
Watson, in a male, age 70, can be attiibuted, m great part, to the low-grade 
malignancy of these tumors usually seen in the aged, and to the rapid response 
to radiation theiapy Most of these cases lepoited in the surgical literature 
have not survived more than one j'^ear 

With respect to the surgical tieatment of caicinoma of the cervical esopha- 
gus, numeious methods have been devised, the most radical of which is that 
desciibed by Eggers In his operation, the laiynx as well as the cervical 
esophagus is excised and a permanent tiacheotomy is made in the supra- 
sternal notch In early cases Doctoi Gailock said he could visualize a radical 
resection without 1 emoval of the larynx, and Doctoi W atson has demonstrated 
that this can be done The idea occurred to Doctor Garlock, as Doctor Wat- 
son was describing the operation, that, at the time of the original mobilization 
of the organ, instead of fashioning a flap of skin and placing it beneath the 
exposed esophagus, thereby placing the esophagus under greater tension and 
jeopardizing its blood supply, it might be feasible to place a free spht-thickness 
skin giaft beneath the esophagus, epithelial surface forward, in order to form 
a skin-lmed base for future aid m reconsti uction The pressure of the 
mobilized esophagus on the graft would facilitate complete “take” of the 
transplant This maneuver would save many steps in the subsequent recon- 
sti uctive process 
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Dr Howard Lilienthal (New Yoik) said that in all his yeais of opeiat- 
iiig he could lemember but a single case in which he dealt suigically \\ith a 
pulsion diverticulum in the neck In that case the opening into the esophagus 
was largei in diametei than that of the esophagus itself When the diveitic- 
ulum was full, the overflow entered the esophagus The patient, a male, age 
55, had been ill a long time, and was emaciated and weak No gastrostomy 
was pel formed, but the proceduie employed was one devised by anothei 
suigeon (Doctor Lilienthal thought by the late Doctor Freeman, of Denver) 
Through an incision m the left side of the neck the diveiticulum was with- 
drawn and anchored with a ligatuie to the eai, so that the opening into the 
gullet was its lowest pait and the sac was kept empty by giavity Theie vas 
immediate impiovement and, in aliout three weeks, the second stage was pei- 
formed This consisted m the ablation of the sac and suture of the wound 
in the esophagus The convalescence was stoimy, and for a short time there 
was some slight leakage thiough the skin wound Eventual and complete 
lecoveiy followed, and Doctor Lilienthal had seen the man at intervals for a 
number of years The case was leported before the New Yoik Society for 
Thoiacic Suigeiy, and published ni the Journal of Thoracic Suigery, St 
Louis, vol 5, No 5 

In legard to long-continued tieatment by radiation, Doctoi Lilienthal 
asked Doctor Watson if there might not be dangei of eiDidermal malignancy 
A number of yeai s ago Doctoi Lilienthal saw a patient w ho had been ti eated 
with radiation foi goitei and there developed a quadiangulai epithelioma. 
Its aiea was that of the shield which had been used to confine the space ti eated 
by the i ays The patient was shown befoi e the Amei ican Sui gical Association 

Dr William L Watson (closing) said that Doctoi Gai lock’s sugges- 
tion that a pi unary skin giaft could possibly have been earned out at the 
oiigmal opeiation in the case of the lady with caicinoma of the ceivical 
esophagus, was thought of at the time of opeiation, and that if he had to do 
It over again he thinks that is exactly what he would do How'evei, at the 
time of opeiation he had lemoved the sternocleidomastoid muscle, the light 
lobe of the thyioid gland, and the stiap muscles, and that to have placed a 
skin giaft behind the esophagus it w^ould necessaiily have had to be placed 
dnectly in contact with the common carotid aiteiy and internal jugulai vein, 
and theie was some question in his mind wdiethei a giaft would have been suc- 
cessful undei these conditions The ideal aiiangement would have been to 
have had a skin flap fiom the light side of the neck to cover the artei}’- and 
vein, and a skin giaft fiom the abdomen to place aiound the trachea and 
behind the mobilized esophagus 

The question of pulsion dneiticulum of the esophagus, and the type of 
opeiation to be employed, comes up every so often, but wuth the new^ei chem- 
icals and the new^er sui gical knowdedge of the mediastinum the twm-stage 
pioceduie wull probably be used much less fiequently in the future The 
fiist patient upon whom Doctoi Watson peifoimed a two-stage pioceduie had 
a coughing attack the day followung the fiist operation, so that the Molent 
neck movements toie out the sutures wdiich had been used to hold the sac m 
the upiight position The wound became infected, and the second stage ot 
the opeiation was ^ely difficult Doctor Watson said it was his impression 
that the twm-stage proceduie is more apt to be follow^ed by recurrence 

With regaid to the question of late radiation effects m these patients watli 
cancel ol the cenical esophagus ti eated b} ladiation, the patient shown In 
Doctoi Watson at this time is the only one who is ali\e more than fi\e }ears 
So fai. he has not shown ain tendenc} to de\elop postradiation complications 
The othei patients ti eated in this fashion ha\c not lived long enough to dc- 
\elop the complications mentioned In Doctor Lilienthal 
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Unlike cysts of tlie ovaiy, In'ci kidney oi othei abdominal oigans, cysts 
of the spleen aie veiy laie Only foiu cases weie lepoited by Pembertoir 
in appioximately 800 splenectomies, an incidence of o 5 pei cent Up to 
January i, 1939, Fowler^ collected a total of 137 lepoited cases We have 
found II moie leported m the litei atui e,-"” up to February i, 1941, making 
a total of 1 48 We wish to lepoit an additional case seen lecently at the 
Henry Ford Hospital 

C} sts of the spleen have been classified as single 01 multiple, unilocular 01 
multilocular, paiasitic 01 nonpaiasitic true 01 false, primar}^ or secondai)% and 
hemonhagic, seious, 01 lymphatic Most of these classifications aie not en- 
tiiely satisfactoiy The following classification (Table I) is a modification of 
those submitted by Moymhan^- and Fowdei Tiue cysts of the spleen have 
a specific secieting lining w'hich may he epithelial, endothelial, 01 paiasitic 
False cysts possess onl} a dense Ityaline fihious tissue wall or a laver of con- 
densation of adjacent splenic tissue 

Tvnuc I 

c\STs 01 Tiir spi rPN 

I True cysts — lined by specific secretinR membnne 
A Epithelial 

1 Dermoids 

2 Epidermoids 
B Endothelial 

1 L> mphangioma 

2 Hemangioma 

3 Polycystic disease 

4 Some serous cysts 

C Parasitic — ^lined by protoplasmic matrix containing numerous nuclei 

I Hydatid cyst caused by ecchinococcus 
II False cysts — no specific secreting lining 
A Hemorrhagic 
B Serous 
C Inflammatory 

1 Acute necrosis in infection 

2 Chronic tuberculosis 

D Degenerative liquefaction of infarcted areas caused by embolism or arterial thrombosis 

According to Fowlei,^ ecchinococcus cysts occui about twuce as frequently 
as all of the various foims of nonpaiasitic cysts False cysts aie encountered 
appioximately foui times as often as the tiue type Eighty per cent of the 
false cysts aie large, solitary, and unilocular, tw^o-thiids being of the hemor- 
rhagic variety, and one-thii d of the serous type An additional case repoi t of 
a laige, solitaiy false serous cyst of the spleen is piesented herewith 
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Case Report — J S, white, male, a£>c ii, was admitted to the Heim Ford liospital, 
Mai eh 2, 1940, complaining of pain and fulness m the left abdomen He had been well 
until three months previously, when a bulging of the upper left abdominal cjuadiant was 
first noted Theie was no histoij of abdominal trauma preceding the appeal ance of 
this mass Two weeks piioi to his admission to the hospital, the bulging area became 
painful, following a blow by the handle of a snow shoe cl The past histore was essen- 
tially negative 

Physical examination revealed a w'dl-noui ished white bo\ who did not appeal 
acutely ill Tempeiature 992° F pulse 88, ics])iiations 20 The head neck and chest 



Tig I — Tile aross ippeinnce of the ienio\ed spleen 


w'eic essentialh’’ noimal In the left uppei cpiadiant of the abdomen a definite bulging 
w'as evident Percussion note over this aica w^as flat A laige mass was jialpatcd 
extending infcrioily and mediall> fiom beneath the left costal maigin It was smooth, 
rounded, film, slight!) tendei and moecd w’lth respiiation No notch was palpable 
Rectal examination w’as negative Uianahsis showed no abnormal findings except a 
positive reaction for albumin Hemoglobin 117 Gm , RBC 4070000 WBC 52:50 
DifTerential count showed no significant changes The tubeicuhn and blood M'assermann 
tests weie negatue A plain 1 ocntgeiiogram of the abdomen showed a large soft tissue 
tuinoi in the left uppei quadrant, which extended infeiiorh and shghth to the right of 
the inidlme Barium enema examination levcaled downwaid and forward displaecment 
of the splenic flexure of the colon Iw an extimsic mass Peelograms showed upwaid 
displacement of the left kidney 

Ofciatwn — Maich 7, 1940 A. left subcostal incision reeealed i laige splenic c\st 
oeeiipMug the uppei two-thirds of the siileeii It contained i 620 ee of str.iw -colored 

99 



McCLURE 'SiND ALTEMEIER Annals of burgers 

T u 1 5 19 4 2 

fluid After aspiration ot the fluid, the spleen was mobilized bj separating its adhesions 
to the diaphragm and posterior parietal peritoneum Splenectomy was then performed 
after division of the gastrosplemc ligament and transfixion of individual vessels in the 
pedicle bj black silk The patient withstood the operative procedure verj well, and his 
wound healed />e; pinnai)i 

Patholoqjc Exoinuiatwn—Dr F W Hartmann 1 he spleen weighs 2;o Gm (aftei 
aspiration of contents of evst), and measures 175X120X70 cm The lowei third of the 
spleen is of noinial eonsistencv with light reddish-lirowm eolor, and distinct architectural 
markings The uppei two-thirds consists of a thm-walled cjstic structuie, with a maxi- 
mum diameter of 13 cm Trabeculations arc picscnt within the lumen (Fig i) On the 
cyst wall, enlarged cords of fibrous tissue lun in all directions Microscopic examination 
of sections of the spleen and evst wall shows the latter to be devoid of epithelial lining 
The wall consists of rather dense, pink-staining, fibrous tissue, beneath wdiich there is 
considerable blood}' extravasation The adjacent splenic tissue appears normal Pathologn 
Diagnosis — Benign simple cyst of spleen 

Discussion — Tlie solitaiy iionpaiasitic cysts of the spleen is the type most 
fiequently encountei ed by the suigeon In the sei les of 137 cases, collected and 
lepoited by Fowlei,^ 79 pet cent, 01 108 cases, vveie of the false vaiiety Of 
these 108, 71 pel cent, 01 77 cases, were laige solitaiy hemorihagic cysts, 
and 29 pel cent, 01 31 cases, weie laige seioiis eysts The present case falls 
into this lattei gi oiip 

The etiology of solitaiy nonpaiasitic splenic cysts is still obscuie It has 
been lepeatedly pointed out that too few cases have been lepoited to justify 
any extensive conclusions as to etiology Women appeal to be most often 
affected, paiticulail} dining the child-beai mg age Most cases occui between 
the ages of 20 and 50, although they have been noted in veiy young childien 
and even in the newly boin infant Trauma seems to play an impoitant lole 
111 the formation of laige hemoirhagic 01 seioiis types Many of these aie moie 
jiiopeily desciibed as encysted hematomata due to an injiiiy wdneh fails to 
produce a laceration of the suiface of the spleen, but which causes teaiing of 
the vessels in the mteiioi of the oigan and gioss hemoiihage If the patient 
sui vives, a cyst with bloody-stained fluid and fibi ous w alls is foi med m time 
Intiasplenic hemorihage, howev'ei, may also occui spontaneously without 
antecedent tiauma and subsequently foim a cyst 

It IS believed by some that the complete absoi ption of blood 1 esults 111 the 
ti ansfoi mation of a hemoiihagic cyst to a seious tjpe, although it is known 
that the majoiity of cases of seious cyst give no histoiy of pievious tiauma 
In Fowlei’s senes only 16 pei cent of the seious type weie known to have 
been preceded by tiauma 

The signs and symptoms of splenic cjst aie not distmctiv'e Since no 
apparent function of the adult spleen is known, we aie unable to lecognize 
any symptoms attiibutable to the involvement of the splenic pulp itself When 
the cysts aie small, theie are no symptoms, when they aie laige, symptoms 
may result secondarily fiom adhesions or pressure upon adjacent organs The 
chief of such pressure symptoms is pam, characterized by a dragging sense of 
heaviness in the left hypochoiidrium and epigastiium Occasionally the jiain 
may be referied to the left shoulder Digestive disturbances such as nausea, 
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vomiting, flatulence and constipation have been fiequently obseived Raiely, 
a twisted splenic pedicle has lesulted m collapse Usually the surgeon is con- 
sulted, not because of symptoms, but because of a mass in the abdomen 
The diagnosis of s])lenic cyst is veiy difficult The location of the tumoi 
usually suggests splenomegaly, but the cystic natuie is geneially not lecogmzed 
until the oigan has been exposed Cyst of the spleen must be dififei entiated 
tiom otbei causes of splenomegaly, and cystic disease of the pancieas, omentum, 
mesenteiy, left lobe of Inei, ovaiy, or kidne}' Roentgenologic examination is 
of gi eat help A laige soft tissue mass ma}^ be seen on the plain film associated 
with elevation of the diapbiagm, bulging of the left lowei mtei costal inter- 
spaces, obbteiation of psoas shadow (Ostro and MakoveU^), and, occasionally, 
displacement of kidney After a barium meal, the stomach may be seen pushed 
to the light Barium enema examination will show downward displacement 
ot the splenic flexure If a pieoperative diagnosis of splenic cyst is made, it 
must be dififei entiated fiom the eccbmococcal type This dififeientiation may 
be possible by the piecipitm test of Welch and Chapman, the complement 
fixation test of Weinberg and Paivu, and the cutaneous alleigic test of Casoni 
Ti catment — Only cysts of i datively laige si/e requiie tieatment, and foitu- 
nately these aie usually leadil) amenable to suigeiy Splenectomy, wflncb 
gives a moitality late of only 4 pei cent,^ is the tieatment of choice, and is 
usually possible in the nonpaiasilic solitary type Enucleation of the cyst is 
raiely feasible, but has been accomplished The difficulty in conti oiling 
bemoiibage makes it a moie dangerous opeiation than splenectomy Mai- 
supialization lesults 111 a prolonged postopeiative couise and should be laiely 
necessaiy in this type of cyst Incision and drainage, m one 01 twm stages, has 
been perfoimed, particulaiU m those instances when splenectomy was con- 
sidei ed too bazai dons or impossible 

SUMMARI 

A short discussion of cystic disease of the spleen m geneial and of false 
cysts in paiticulai is given The case bistoiy and pathologic desciiption of an 
additional case of a false seious cyst is leported 

REFERENCES 

^Fowler, R H Cystic Tuniois of the Spleen Int Abstr Surg , 70, 213, 1940 
“Roberson, F Solitary Cysts of the Spleen Annals or Surgcry, hi, 848, May, 1940 
” Sherwin, B , Brown, C R , and Libei , A F Cystic Disease of Spleen Axxals or 
ScRGFRY, 108, 615, April, 1939 

‘ Lercboullet, P , Gregoire, R , Benard, J , and Ibarran, R Epidermoid Cysts of Spleen 
Sang, 13, 853-869, 1939 

Pisa, V, and Sikl, H Nonparasitic Cysts of Spleen Deutsche Ztschr f Chir , 252, 

746-755, 1939 

^ Bergan, F Solitary Cyst of Spleen Nord Med, i, 307-310, February, 1939 
‘ Filho, A P Cysts of Spleen Hospital, Rio de Janeiro, 15, 595-604, March, 1939 
Cabot, H Splenic Cyst New England Jour Med, 222, 1052, June 20, 1940 
“Watts, 1 D, and Warthen, H J Nonparasitic Cysts of Spleen South Surg, 10, 
34-38, January, 1941 


101 



McCLURE AND ALTEMEIER 


Anmh of Surcm 
1 u 1 > 19 4 2 


Mason, A Unilociilai C3st of the Spleen A.iistialian and New Zealand Jour Surg, 
10, 304-305, January, 1941 

” Andrew's, F T, and Hortcr, R S SoIitar\ C%sts of Sjjlccn Tour Michigan ^fed 
Soc, 38, 201, 1939 

Moynilian IT C\sts of the Spleen Surg, Gjnec, and Obstct , 40, 778, 1925 
^^Fow'ler, R II A Pathological and Surgical SUkU A^^ALS 01 SuRotin, 57, 658, 

1913 

’■* Ostro, Af , and Makovei, H B Nonpaiasitic Qst of Spleen with Special Reference 
to Roentgenological Aid in T^iagnosis Am Jour Roentgenol , 37, 782, June, 1937 


102 



HEMORRHAGIC CYST OF THE SPLEEN 

Edward Y Denneen, M D 
Ndw Youk, N \ 

The spleen is unique in that it is a pionnneiit and pi edonnnating factoi 
111 a ACiy large number of blood di'sciasias and otbei pathologic piocesses and 
clinical entities 

It IS the puipose of tins papei to discuss a laie vaiiety of splenic cyst, 
that IS, laige sobtai} bemoiibagic cyst Cysts of the spleen have been classi- 
fied by Fowlei,^' “ as deimoid, parasitic, and nonpaiasitic cysts Nonparasitic 
cysts may be subduided into (i) Title cysts, and (2) pseudoc3’^sts The 
tiue cysts include (i) Infobation cysts, winch aie inclusions of pentoneum — 
inflammatoi} or tiaumatic, small and multiple — may be supeificial or deep 
(2) Dilatation cyst 01 polyc}stic disease of the spleen (3) Neoplastic types 
(lympbangioma, bemangioma) Pseudocysts have two subdivisions (i) 
Tiaumatic, winch may aiise tioiii a hematoma, and aie usually large and 
uniloculai (bemoiibagic and seious cysts — so called fiom then contents) 
(2) Degenei ation cysts aiisnig fiom secondaiy changes 111 mfaicted aieas 
from arteiial degenei ation 01 occlusion of blood vessels by emboli with con- 
sequent neciosis of the spleen pulp, these aie also usually sobtai y and large 
It IS with tins last mentioned class, that is. pseudocysts, 01 laige solitary 
hemorrhagic cysts, that tins paper deals These cysts have no tiue cyst 
lining Baccelb indicated that cysts could arise fiom bematomata, and that a 
capsule could foim about them with a special inner cell lining, and that, as a 
result. It would not be possible to distinguish them fiom lymph cysts into 
which there had been hemoirhage 

Lubaisch disagieed, and believed that no tiue cell lining could foim in a 
hematoma of the spleen The genesis of cystic spleen seems to have no points 
of analogy to the genesis of cysts of the ovar} and kidney In the absence of 
tubular structure, tiue letention cysts do not occui 

That hemorrhagic cysts of the spleen aie laie is attested to by Benton.'* 
who, in 1932, hi ought the repoited numbei up to 96 The laiity of this con- 
dition IS fuither evidenced b)'^ the fact that examination of the lecords of 
Bellevue Hospital, fiom 1904 to date, reveal no case of bemoiibagic cyst of 
the spleen The only case at all lesembhng it w^as a laige lymphangioma 
Examination of the Pathology Depaitment and moituai}'^ recoids at Bellevue 
levealed, foi the peiiod from 1904 to 1940, eight cases of cyst of the spleen 
It IS interesting to note that dm mg this same peiiod theie Aveie 48 cysts of 
the livei Of these eight cystic spleens, foui show^ed small multiple infoliation 
cysts, one, a cavernoma wnth cyst, one, a small unclassified cyst, one, a small 
parasitic cyst, and one, a small calcified cyst A study of the records of St 
Vincent’s Hospital, during the 30 yeais prior to 1940, levealed no case of 
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hemonhagic cyst of the spleen In tins papei will be piesented five additional 
cases from the New York Post-Graduate Hospital 

In the majoiity of the cases previously reported, the disease has affected 
pel sons in middle adult life — a fairly good argument against congenital origin 
About two-thirds weie females, so the majority of cases occuired in women 
dining the child bearing age Monniei explains the predilection for the 
occuiience duiing the lepioductive period of women, by the fact that the 
spleen becomes congested in piegnancy, during menstruation, and at the 
menopause, and subsequently relaxes Large spleens aie more apt to be 
injured and so we find malaria and syphilis predisposing diseases The one 
generally acknowledged factor is trauma, leported in about 30 pei cent of 
the cases 


CASE REPORTS 

Case I — J D , female, age 42, married No present or past history is available at 
this time except that there vas no history of trauma Roentgenograms, destroyed some 
time ago, showed a cjst of the left upper abdomen, tliere being a dense ring of calcified 
tissue about the C3St The urine and blood count were normal On July i, 1919, at the 
New York Post-Graduate Hospital, Dr John F Erdmann performed a splenectomy for 
a large, solitary, hemorihagic c\st She had an uneventful convalescence, and was 
discharged on the eighteenth postoperatne day 

Case 2 — M H, female, age 12, gave a historj’- of a fall two jears prior to admis- 
sion, in which fall she struck her left upper abdomen Her past history included measles 
and pertussis On physical examination of the abdomen, one found a mass over one 
handbreadth below the left costal margin The urine and blood count were normal 
The speaker was present in the operating room when Dr John F Erdmann performed, 
on May 25, 1928, at the New York Post-Graduate Hospital, a splenectomy for a large 
solitary hemorrhagic cyst of the spleen The diagnosis made by the pathologist was a 
“solitary hemorrhagic cyst of the spleen with fibrosis of the spleen and chronic fibrous 
perisplenitis probablj’’ due to trauma ” Convalescence was uneventful , she left the hos- 
pital on the fifteenth postoperative da\ Doctor Erdmann has seen, or heard from her 
annually for these past 12 jears, and she is well 

Case 3 — M B T , female, age 28, unmarried, was admitted to the New York Post- 
Graduate Hospital, with the chief complaints of pain in the right lower quadrant and 
the left abdomen of one year’s duration Her past history included a tonsillectomy 13 
jears previously, and frequent attacks of influenza For one jear prior to admission, 
the patient had had dull pains in the right lower quadrant, varying m intensity, and 
sometimes absent She had occasional nausea when tired There had been occasional 
pain in the left abdomen, worse following roentgenotherapy five months previouslj' She 
had noticed a mass 111 the left abdomen for 16 j'cars, but no pain or tenderness m that 
region until one year previouslj" 

The urine and blood count were normal A large, firm, movable mass could be felt in 
the left upper quadrant, extending well over to and below the umbilicus At operation, 
Dr John F Erdmann removed the spleen containing a large, solitary hemorrhagic cyst 
and a cystic right ovary This patient had an uneventful convalescence, and was dis- 
charged on the twentieth postoperative day 

Case 4 — M K , male, age 23, was admitted to the New York Post-Graduate Hos- 
pital, with the chief complaint of a “mass m the abdomen” of four jears’ duration His 
past history was not remarkable, he had bad the usual childhood diseases The relevant 
facts of present illness were that four years prior he had noticed a bulge in the left 
upper abdomen and a small mass, freely movable and not tender Three months before 
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hospitalization, he liad noted a gradual increase in the size of the mass, so progressive 
that his vest no longer fitted him He had no symptoms whatever 

Physical examination revealed a mass four finger’s-breadth below the left costal 
margin, the mass was movabe, lobulated, and felt like encapsulated fluid rather than a 
solid tumor The stomach was found pushed to the right Intravenous urograms showed 
fairly good left kidnej’- function , the minor calices were not visualized A retrograde 
left pyelogram showed the mass to be not part of the kidney, and probably splenic 

Laboratory data indicated normal urine and blood counts , normal nitrogen, chloride 
and COo combining power blood values, and a negative complement fixation for 
ecchinococcus 

On October 26, 1932, Di C G Heyd removed the spleen There was at the lower 
pole of the spleen a cyst, containing 2,000 cc of chocolate-colored material , it was ten 
inches m diameter, theie were adhesions of the omentum and intestine The pathologist 
reported “benign cj st of the spleen, hypoplasia of the spleen, no true cyst lining ” 
Postoperatively, the patient did w'ell and left the hospital on the fifteenth day 

Case 5 — (Author’s case) The patient, a male, age 32, w'as admitted to the New 
York Post-Graduate Hospital, complaining of intermittent, dull pain m the left upper 
quadrant of eight months’ duration There w'as, he said, a feeling of something sticking 
to the anterior abdominal w'all on mspiiation, suddenly released on expiration He 
complained, moreover, of slight gas eructations 

Tw^enty-four jears prior to admission he had suffered a fracture of the right leg, 
for ten years he had noticed a piominence in the left upper quadrant, symptomless until 
eight months prioi to his coming into the hospital 

Abdominal examination show'ed a firm mass in the left abdomen, extending almost 
to the umbilicus below' and mediallj , medially there was a notch, the mass moved with 
respiration Gastro-intestmal roentgenologic studies show'ed “some diverticula pouching 
m the pars cardia under the dome of the diaphragm near the midlme”, and showed a 
large extragastric mass displacing and compressing the stomach to the right (Figs 
I and 2) Intravenous and left retrogiade pyelograms showed extrinsic pressure on 
the left kidney (Fig 3) 

The laboratory reported the urine as having a little albumin, and five granular casts, 
per high-pow'er field, blood Wassermann was negative, basal metabolic rate was 
minus one , ictei us index seven point nine , hemoglobin 88 per cent, R B C 4,600,000 , 
W B C 3,000 to 6,000, w'lth a normal differential count , and normal fragility of 
erythrocytes 

On December 9, 1937, a diagnostic splenic puncture w'as made Dark green fluid 
spurted from the needle , this show'ed innumerable cholesterol crystals 

On December 13, 1937, four days after splenic puncture, under ether anesthesia, the 
spleen was removed There was a large cyst at the upper pole Convalescence was 
uneventful and the patient was discharged on the thiiteenth postoperative day 

Pathologic Repoit — Giots The spleen, which weighs i,iio Gm , after perfusion 
and fixation, is enlarged and distoited by a cystic condition of one pole The cystic area 
measures approximately 14x13x12 cm The noncystic portion surmounts the cystic 
portion, m the manner that the epididymis surmounts the testis The solid portion has 
maximum diameters of 15, 6 and 4 cm (Fig 4) 

The capsule of the spleen shows distinct confluent areas of gray thickening, par- 
ticularly over the cystic portion These stand out in map-like fashion, against the 
background of normal brown red At the hilus the vessels are normal m appearance 
On section, about 500 cc of freely flowing chocolate-colored, slightly frothy fluid 
escapes On standing fresh blood settles The cyst wall has an average thickness of 
one Mm for the most part where there is practically no splenic tissue m its w'all At 
the junction with the unaltered spleen the thickness increases because of the thin lamella 
of splenic tissue included (Fig 5) 
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The cyst wall is the gray tissue of the spleen capsule except where the splenic tissue 
IS noted The inner lining is shaggy It is dark brown-red wheie splenic tissue lines 
the cyst and slightly dirty golden yellow where the splenic capsule serves as the cyst 
capsule There are numerous incomplete septa formed by the fibrinous elements 

The noncystic portion of the spleen is scpaiated from the cystic areas onlj' by the 
lining of clot already desciibed This finding further strengthens the belief that the 
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Fig 3 

I'lG 1 — Koeiitf,enog:ram showmsr i miss in the left iippei ciindriiit di'.])! icinj, the 
stomach to the riRlit and the intestines belo^\ 

Fig 2 — Oblique roentgenogram showing the mist, in the left uppei qu ulr mt and 
the displacement of stomach and intestines 

Fig 3 — Left retrograde pyelogram sho^Mng an essentiall> normal left kidne> 

major portion of the wall of the cyst is the splenic capsule and that the cjst probably 
arose as a result of a breakdown of a large hematoma 

Microscopic — The unaltered portion of the spleen is free of blood, because of the 
perfusion fixation There is normal delicate structure to the sinuses which are lined by 
endothelial cells There are no signs of sclerosis either in the capsule in such areas 
or in the splenic arteries or arterioles 
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The capsule of the spleen can be traced outward where it forms the wall of the cyst 
Here the cj'st is lined bj" a layer ot eosinophilic amorphous material in which there are 
numerous spear-shaped spaces, cholesterol crystals 

In those portions of the cyst wheie the wall is foimed b}’ the adjacent spleen the 
cholesterol crystal-bearing anioiphous material is in part replaced by granulation tissue 
which is sepal ated by more mature connective tissue from the spleen proper Many of 
the cells of the granulation tissue aie swollen, with fine light yellow-biown material, 
phagocytized lipids Fresh areas of hemorrhage are also noted in the granulation tissue 
Pathologic Diagnosis Cyst of spleen apparently resulting fiom breakdown and organiza- 
tion of repeated hemoirhages 

This patient has been seen every few months since operation He is svmptom-free 
and well Blood counts, made eveiy three months, have been normal, avei aging a 
hemoglobin of 90 per cent, R B C 4,800,000 , W B C also normal , tbe blood smears 
are normal 



Fir 4 — left Hternl Mew of the spleen Fic 5 — \ lew of the cut spleen 

*■ showinp: the Hrge c\st in the uppei pole 

Hie c^st IS obout one fifth the size be 
foie (leconipi ession 

Summary — The clinical pictuie of these five cases is strikingly similar, 
namely, a firm mass in the left upper quadrant, extending to the midline and 
down to the umbilicus, the general health and condition of the patient un- 
afifected, some chscomfoit m the left uppei quadiant and model ate indiges- 
tion, lather noimal blood counts with no evidence of any blood dysciasia, 
gastro-intestmal loentgenogiams, when made, showing an exti agastric mass 
pressing the stomach to the i ight , left pyelogi am showing no intrinsic kidney 
lesion 

Fn^e cases of solitary, large hemonhagic cyst of the spleen aie leported 
All piesented the same clinical picture and all were cuied by splenectomy 

My thanks are due to Doctors Erdmann, Heyd and Symmers for use of material 
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Discussion Dr Charlls Gordon HL^D (New York) On June 26, 
1939, I reexamined the fourth case quoted hj' Doctor Denneen, and found the 
patient in excellent health, with a firm abdominal cicatiix 

Di Royal H Fowler, and from whom I quote fieely, in March, 1940, 
made his latest contiibution on cystic tumors of the spleen (International 
Abstiact of Surgeiy, Slug, Gynec , and Obstet , 70, No 3, March, 1940) 
Fiom the first cystic tumor of the spleen, a deimoid repoited by Andral, in 
1829, to January i, 1939, Fowlei leports fiom the hteratuie 137 nonpaiasitic 
splenic cysts, 21 per cent being piimary or true cysts, and 79 pei cent sec- 
ondaiy 01 false cysts Doctoi Denneen now adds fiA'^e additional cases, thiee 
ot Dr J F Eidmann, one of Doctoi Heyd, and one by himself It is obvious 
that there must be a considerable number of unreported cases — occasions 
where the surgeon encounters one case and does not leport it In any event, 
sohtaiy c)sts of the spleen are uncommon when compared with the incidence 
of parasitic cysts (echinococcus 2 pei cent m the spleen) 01 with cysts of 
ovary, liver or kidne)’’ Secondary splenic C3'sts (79 pei cent) are about foui 
times as frequent as primary cysts (21 per cent) 

Polycystic disease, lymphangiomata and hemangiomata constitute 62 pei 
cent of the 21 per cent of plImal3^ true splenic cysts, the remaining 38 per 
cent being dermoid and epidermoid C3'sts Eighty pei cent of the secondary 
01 false C3'sts are large &ohtar3^ hemorrhagic cysts, as indicated 113’^ Doctor 
Denneen Of these, 35 per cent he deep within the intenoi of the spleen and 
65 per cent somewhat subscaptilai 

Various theoiies have been advanced to account lor hemorrhagic C3’^sts of 
the spleen, viz 

( 1 ) Effect of mensti nation and pregnanc3’^ Seventy per cent of the splenic 
cysts that occuiied m pregnanc3'^ were large, solitary hemorrhagic cysts 
Fowlei believes that the most lational explanation of the development of cysts 
of the spleen following piegnanc3' is that mfarcation and secondai3^ hemor- 
rhage with C3fst formation iollows an embolism 

(2) Tiatima is an alleged factoi in 25 per cent of the cases Eighty per 
cent of the cases in which tiauma was elicited had laige solitar3'^ hemorihagic 
C3'^sts 

(3) Antecedent disease Malaria present in 74 pei cent of all of Doctor 
Fowler’s series, ii pei cent had s3q)hihs, and 52 per cent associated ivith 
pievious disease had a uniloculai C3^st with hemorrhagic contents 

Thus trauma and antecedent disease, one 01 the other, or both, were noted 
in the histor3r in all the cases of unilocular hemorrhagic C3'^st of the spleen 
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A CLINICAL STUDY OF 32 CASES 
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In a pievious communication'^ the anatomy, bactei lology, and pathogenesis 
of uimai}^ extiaA^asation weie leviewed The supeificial peimeal pouch of 
Colles,'^ m cadaveis, was injected with ladiopaque coloied fluid, the amounts 
and piessuies neie lecoided, and, subsequently, seiial i oentgenogi aphic dem- 
onsti ations and dissections wei e made The following conclusions wei e dei ived 
iiom these studies and expeiiments 

(1) Anatomicall)’’, Codes’ fascia is so disposed as to allow of a piogiessive 
uiinaiy infilti ation of the peimeum, sciotum, penis, gioiiis, and anteiioi 
abdominal wall 

(2) , Injection expeiiments leveal that the clinical ajipeaiances can be 
simulated (with the exception of penile and abdominal involvement) by using 
piessuies and amounts of fluid compaiable to those expected on voiding 

(3) Uiine alone does not suffice to piodnce the clinical pictuies 

(4) Othei factois aie opeiative in the living subject, namel}, (a) the pies- 
ence of bactei la, (b) the tonicity, contiactihty and elasticity of the tissues , and 
(c) an active cii dilation 

(5) Injection expeiiments demonstiate the ease with which the vascuJai 
tree is madveitently enteied 

(6) The close pioximity of the vasculai tiee to the uiethia peimits of the 
easy development of vasculai thiombosis 01 pressuie phenomena from en- 
capsulated fluid 01 abscess 

(7) Vasculai thiombosis 01 infectious thiomboj^hlebitis piobably accounts 
foi the fiequency of lapid swelling of the genitalia, lapicl gangiene, seveie 
toxemia and jaundice 

(8) Injection expeiiments conti oiled by 1 oentgenogi aphy and dissection, 
togethei with clinical and autopsy lecoids, fail to show any case wheiem the 
tunica vaginalis testis is involved by the exti avasation 

Anatomic study leveals that all peiiuiethial inflammations must penetiate 
the veiy vasculai bulb 01 jiait of the spongiosum to leach the supeificial 
peimeal pouch In this passage, fiom uiethia to fascial space, thej- mvaiiably 
involve the vasculai tiee, theieby easily setting up thiombosis 01 thiombo- 
phlebitis Anterograde 01 retiograde extension of this piocess is favoied by 
the contractions of the bulbocavei nosus and extei nal sphmctei muscles, which 
aie brought into play with each act of voiding This explains the paiadox 
wheiem the condition of extravasation is aggiavated m those cases which 
continue to void Moreovei, this concept of the pathogenesis explains the 
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development of exti avasation oi penuiethial phlegmon without stnctuie oi 
obstiuction, and also the in gent necessity foi diveision of the uimaiy stieam, 
niespective of whethei the patient is I'-oiding well oi not These muscles must 
be put at absolute lest to pi event them fiom squee/ing the thrombosed bulb, 
and theieby piopellmg the piocess into the sciotal and penile vessels 

On the othei hand, accoidmg to the h)'diostatic theoiy foi tlie production 
of uiinaiy extravasation, diveision of the uiinaiy stieam was piacticed to 
pi event moi e ui me fi om being sciuec7ed out into the tissues thi ough a defect 
in the uiethia This concept is not as sound as the foimei explanation In 
accoi dance iMth this lattei piemise, many suigeons and urologists have tailed 
to cliveit the uiinaiy stieam in cases i\hich weie voiding well, oi which pic- 
sented no stnctuie The omission of iiiinai)’- diveision has led to an unwai- 
1 anted and high moitaht} 

Once extiavasated uiinc, blood, oi an abscess occupies the supeificial 
pel meal pouch, it is easy to see how the jiiessuie of the mass in the confined 
space w ould pi oduce i asculai obsti uction of the scrotal vessels without actual 
thiombosis This mechanism is seen m inaii}'^ penuiethial abscesses When 
the abscess is incised, the edema disappcais, because of the leleasc ot piessuie 
This piocess is exemplified in Figuie 4 

CLINIC VL ASPLCTS 

htioloyy and Symptonii, — At the Hailcm Hosjntal, New Yoik City, most 
of the patients aie Negioes The high incidence of gonoiihea with its com- 
plications of stnctuie and penuiethial abscess, neglect, and unwananted and 
unskillful instiumentation aie the factois iihich combine to make extravasation 
moie common than in othei institutions 

T\bi.c I 


R\CL \M> \rc INCIor.NCl 


lotal number of cases 

32 


Number of white patients 

4 


Number of colored patients 

28 


Average age of all cases 

44 

7 >rs 

Average age of i6 survivors 

39 

3 yrs 

Average age of i6 fatal oases 

SO 

2 jrs 


T\blc II 

rvcTORS IM nTiOLOr\ 


History not obtained 

No genito urinary symptoms voiding well 

Stricture of urethra found by instrumentation operation or autopsy 
Urethral instrumentation for stricture urinary retention or urethral stone 
Trauma other than urethral instrumentation 
Urethral stone removed by external urethrotom> 

When a patient with exti avasation is admitted to the hospital, the chief 
complaints are usually leferable to toxemia Chills, fevei, malaise, and prostia- 
tion aie the symptoms which cause the patient to seek admission, and the 
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local signs and symptoms may be so minimal, that valuable time is often lost 
befoie the tine natuie of the condition becomes evident As the toxemia 
inci eases, and especially when theie is associated urinaiy letention, hiccough, 
disoiientation, deliiium, and stupoi, coma rapidly supeivenes These cases 
commonly piesent icteius, which uas piesent m eight of oui senes of 32 cases 

The most impoitant factoi m etiology was stiictuie, which was found m 19 
cases of this senes Nine cases had had uiethial insti umentation, two cases 
suffeied tiauma othei than uiethial mstiumentation , and one case had a 
uiethial stone Six cases veie voiding well and piesented no gemto-unnaiy 
symptoms on admission 

Of 20 uound cultuies tuo ueie negative, and ii piesented mixed oigan- 
isms which weie found m the following incidence 


Table III 

BACTLRIOI oc\ 

Number of 


Type of Organism Cases Lned 

Gram-positive cocci 8 3 

Staphylococci 7 6 

Streptococcus gamma t i 

Nonhemolytic streptococcus i i 

Gram-positive bacilli i o 

Gram-negative bacilli 4 2 

Bacillus colt 6 3 

Bacillus pro'eus 2 i 

Gram-negative diplocDcci i o 

Gonococci I o 


Died 

S 

I 

0 
0 

1 

2 
3 
I 
I 
I 


Of the 32 cases analyzed blood cultuies weie negative in 15 cases, of which 
eight suivived and seven died Theie \\eie tuo positive blood cultuies 
Case 21 piesented B coli and pneumococcus, and he died Case 26 piesented 
streptococcus beta , and he survived 

Although a histoiy of antecedent gonorihea, with frequency, dysuiia, 
ui gency, and gi adually diminishing ui inai y sti earn, may he elicited in rational 
patients, all of these symptoms may he absent in insidious cases Careful 
questioning usually elicits a histoiy of long-standing urethritis or stiictuie 
Superimposed upon eithei of these two conditions, one finds the situation le- 
cently alteied by the advent of peiiuiethial abscess or tiauma incident to 
urethial mstiumentation 01 “stiaddle’ injuiy Howevei, the onset of peii- 
uiethial abscess may be veiy insidious, and not until it is associated with 
unnary retention, seveie toxemia, 01 fiank exti avasation is the patient foiced 
to enter the hospital 

Accoiding to the hydiostatic theory for the pioduction of uiinaiy extia- 
vasation, the following explanation is advanced for the pai adox that the worst 
cases encountered aie those who continue to void (a) Attention is not 
directed to the necessity for diveision of the urinaiy stream, because of the 
absence of letention (b) If abscess, stiictuie, 01 lupture of the urethia pio- 
duces complete letention, exti avasation may not occur (and diversion is prac- 
ticed eaily) (c) Howevei, when abscess, stiictuie, 01 lupture of the urethra 
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does not completely shut off the imnaiy stream, extravasation may occur, 
and the mci eased hychostatic pressuie necessary to oveicome the obstiuction 
may foice mine into the tissues at the site of the defect m the urethra 

Cystometi ically, the noimal expulsive pressuie on voiding has been found 
to be between 6o and 8o Mm lig With n i itative lesions, a hypertonic bladder 
IS chai actei istic, and the pressuie on voiding still highei The pressure re- 
cpiired m most of the injection expeiiments was usually also between 6o and 
So Mm — so that the hydiostatic theoiy foi the infiltiation of the superficial 
pel meal pouch and the scrotum seems to be confiimed 

Since the patient has been stiaining foi a long peiiod of time, he may not 
be awaie ot any added effoit He may not complain of any uiinary dis- 



] K I ] 10 2 

Tig 1 — I rout itul side vitws in a cisc of e\tri\ isition of urine it in t iris of the infiltntioii 

of till, sciotal tissues (Aftci Lisondrath siid Kolnick) Xote the hu^e suelliiif, of the scrotum uhich 
is siinnutiical and continuous with tint of the pcnncil and stipiainihic legions 

Fig 2 — Marked iii-riiieal and penilt iinoKtnient with the scrotum skipped” in a case of extraeasa 
tion Although scrot il iiuohenicnt is iirescnt in this case, it is not as adianeed as is ustialh ohserted 
on admission to the hospital (After (Tamphcll) Flic swelling of the penis niaj ha\e resulted from one 
of three factors (t) Iiideiiendent imolvenient of Buck’s fasci il compartment, (2) edema from pres 
sure of the penned miss 01 (1) throiiihnphicliitis 


turbance It has been the expeiience of the wntei that the most treacherous 
cases, and those which weie most mishandled, weie those who continued to 
void It did not occut to the suigeons caring foi these patients that diveision 
of the uiinaiy stieam ivas essential to successful treatment Howevei, this is 
the most important pai t of the ti eatment , and success in handling these cases 
demands lecognition of these facts 

Accoidiiig to the hydiostatic theoiy, voiding “sejueezes” more in me out 
into the tissues, so that diveision is piacticed Howevei, according to the new 
concept, voiding “squeezes" the thrombosed bulb oi vessels and thereby propels 
the thrombophlebitic piocess, so that diveision is piacticed to put the muscles 
completely at rest Whichevci concept we select, the uigent need for diveision 
of the urinary stream is seen as the most rational pai t of the treatment 

LOCAL CONDITION AND DIFFERENTIAL DIAGNOSIS 

The swelling and inflammatoiy changes usually spread with great rapidity 
from an initial tendei and edematous swelling in the midline of the perineum, 
leaving gangiene of the subcutaneous tissues m its wake One most fre- 
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quently encounters a swelling in the peiineum associated with a continuous, 
symmeti ical swelling of the sci otum and penis , and later, sometimes, involve- 
ment of the gioins and lowei abdomen (Fig i) Occasionally, the scrotum 
IS “skipped,” when the perineum is the site of a swelling and the penis is 
mai kedly swollen as a i esult of the involvement of Buck’s^ fascia independently 
of Codes’ pouch or as a result of tin ombophlebitis or venous compression 
(Fig 2) 

The swelling in the peimeum is usually quite firm, tense, and usuall) 
moderately tendei Both peimeal peiiuiethral abscesses and extravasations 
yield fluctuation with difficulty In extiavasation the scrotum and penis aie 
not tense, but pit on piessure and usually piesent no tenderness The thick- 
ness of the mfiltiated sciotal wall piecludes adequate palpation of the testes 
and epididymes The uninitiated frequently mistake the huge swelling of 
the scrotum to be the i esult of epididymitis Theie really should be no con- 
fusion, foi 111 the lattei condition, this organ is usually easily palpated and 
veiy tendei When the epididymes are obscuied by inflammatory hydiocele, 
the tenseness and lack of involvement of the sci otal wall ai e evident 

In late cases there is enoimous swelling of the sci otum and penis with 
edema, boggmess, dusky ledness, weeping and desquamation of the supeificial 
layers of the skin Finally, iiiegular black patches of skin with occasional 
frank crepitation make then appeaiance Sii Benjamin Biodie^ is quoted as 
remaiking “In extravasation a black patch on the glans penis is a haibinger 
of death ” 


DIFFERENTIAL DIAGNOSIS 


Urinary Exlravasation 

1 Rapid, progressive spread 

2 Tendency toward symmetry 

3 Poorly defined limits 

4 Pits on pressure 

5 Minimal tenderness except in perineum 

6 Exploratory puncture may reveal any type of fluid 
in perineum, depending upon the cause 

7 Marked toxicity with high incidence of jaundice 


Periurethral Absces<s 

1 Slow enlargement and tendency to confinement 

2 Tendency toward asymmetry 

3 Well-marked limits 

4 Induration and tenseness 

5 Well-marked tenderness 

6 Exploratory puncture reveals pus 

7 Mild toxicity 


Both conditions may coexist, and fiequently extravasation begins as a 
periurethral abscess 

Since both conditions require incision and drainage, the differential diag- 
nosis IS academic except for the urgency of diveiting the urinary stream 
Moreover, some periurethral abscesses, associated with uiinary letention, 
are best treated by the addition of an external uiethrotomy oi stipiapubic 
cystotomy 

TREATMENT 

Operative intervention is essential, and always an emergency procedure 
Besides multiple incisions into the infiltrated tissues, diversion of the urinary 
stream is of paramount importance In various institutions, and at the 
Harlem Hospital, diveision of the uiinaiy stream has been accomplished by 
one of three methods (i) Suprapubic C3r‘,totomy (2) Extei nal urethi otomy 
(3) Indwelling cathetei 
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In the e\]jencnce of the wiitei supiajuibic cystotomy is most prefeiable 
because (t) it most eftectually diams the hlacldei , (2) it icduces tianma dur- 
ing the acute infection to a minimum, (3) it puts tlie bulbocaveinostis and 
external sphmctei muscles comjiletely at lest, (4) the tube is most easily 
caied foi and kept patent, and (=5) it is followed by penncal fistulae least 
often 

Penncal mcthiotomy, to be coiiectly peifoimed. icqiines the passage of a 
sound, 01 guide, upon whicli the inetlna is incised In a veiy toxic patient 
with a uiethial canal ahead}' inflamed and obstiucted, and possibly sin rounded 
b} abscess 01 thiombopblebitis, tiauma and shock aic added b}' the passage 
of an mstiumcnt Jheieby, thiombojihlcbitis, bacteiemia, pyelonepbiitis, 



Tk -{ — iwo \it\\s of 1 cnst of tliioiitc c\tn%osotion of urine Note tlie 
cnornioiis tdtiin of tlic penis uk! sciotuni in flit iiittrior new ind the multi 
pit fistulous openings ns seen in tlit \iew from bthiml (After EisuidrntU 
mill Rolnich ) Jins tjpt of swelling piolinlilj results from cither the jires 
suit of n pel int il ihsctss of low \iiulcncc or chronic thiomhoiihlcbitis 

undue uiethial hemoiihage, 01 luptuie of the inethia may be induced Fre- 
quently, patients w'lth extiavasation have not been cncumcised The piepuce 
IS so edematous and mfiltiated that it cannot be leti acted to expose the ex- 
ternal meatus In this event uiethial instuimentation cannot be accomplished 
until aftei a doisal slit has been made The latlei lequnes eithei spinal 01 
geneial anesthesia only to be follow'ed b} the pioblematic successful passage 
of uiethial mstiuments 

This peiiod unduly delays the opeiation, since one cannot foietell wdiethei 
he will ultimately opeiate supiapubically, w'lth the patient supine, 01 peiineally, 
with the patient in the lithotomy position This prolongation of anesthesia 
and manipulation is obviated by peifoiming sujjiapubic cystotomy In cases 
with extensive mfiltiation of the anteiioi abdominal wall it is conceivable 
that infection might be cai 1 lecl deepei into the fascial planes 01 space of 
Ret/uus by supiapubic cvbtotomy Perineal uiethiotomy w'lth multiple inci- 
sions of the mfiltiated tissues w'otild be piefeiable in these cases 
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External oi peiineal uiethiotomy appeals to be an easy and simple 
pioceduie, especially since anothei incision is not added to the peiineal inci- 
sions necessaiy to chain the extiavasation at this site Theie is no doubt that 
the bladdei can be effectually diained and the uiinaiy stream diveited in this 
manner Houevei, as aheady indicated, (i) it iec|uiies unnecessary and 

A B 



c JJ 

Fig 4 — (A) ind (B) ue peiineal and side views of a cise of peiiuiethial ibscess 
with edema of the dependent portion of the sciotnm, the loot of the penis and the left 
gioin Note the lack of continuitj between the peiineal and sciotal swellings, and the 
asymmetry of the sciotal and penile swellings The two white scais repiesent diainage 
sites of preeMsting ischioiectal abscesses, unrelated to the peiineal ibscess 

(C) and (D) are perineal and side views of the same patient one week aftei incision 
and drainage of the peiineal abscess The initial swelling of the sciotnm, root of the 
penis, and groin disappeared three days after opeiation, without incising anj of these 
edeni itous structuies The edema in this case, ob\iousl\ was due to the piessure of the 
abscess This type of case is sometimes confused with actual e\tia\asation in which the 
infiltrated tissues requiie incision 


haimful manipulation of the diseased uiethia, (2) it does not so effectually 
put tbe uiethial muscles at lest, (3) it is technically difficult with impassable 
stiictuies without a guide, (4) the tube is not so easily caied foi post- 
opeiatively, and (5) it is followed moie fiequently by peiineal fistulae The 
defects lesulting fiom tbe combination of disease (peiiuiethial abscess, stiic- 
tuie, and phlegmon) and the incision of the uiethia aie so gieat that they 
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make a veiy seiious loss m the conlmuit} of the canal Aflei the extravasa- 
tion has been conti oiled, the patient stabilized, and the urethrotomy tube 
lemoved, a piolonged peiiod of hospitalization is required by the manipulation 
and the use of indwelling nicthial catheteis in an attempt to heal the perineal 
fistula Campbell* icpoits the necessity foi five secondaiy supiajiubic cystot- 
omies as pait of the plastic lepaii of these perineal fistulae 

Cathetei diamage would seem feasiiile in those cases wdieie the instill- 
ment could be easily passed into the bladdei But, as heietofoie mentioned, 
those cases aie the w'oist in wdnch the patient persists m voiding and the 
canal is not completely ohstiucted eithei by disease oi spasm of the sphincters 
In a clean tiaumatic luptuie of the urethia exti avasation might be prevented 
by the use of an indw'elhng cathetei , but once infection oi exti avasation has 
developed, the use of the cathetei should be condemned ( i ) In the presence 
of so much infection the cathetei only aggiacates the uiethiitis (2) It is 
difficult to keep m place 01 patent (3) It cannot be attached to the swollen 
and infiltiated penis (4) It moves and loses the optimum site foi drainage 
of the bladdei, and uiine is eithei letained m the bladder 01 forcibly expelled 
alongside the cathetei — to aggiavate the extravasation (5) The piesence 
of the cathetei ma} induce jiiostatitis, seminal vesiculitis, epididymitis 01 
thiombophlebitis (6) It does not put the uiethia at lest (7) It lesults in 
the highest moitahty 

We have seen cases of periuiethral abscess incised and diained to be fol- 
lowed by extravasation in a day 01 two Some membeis of the staff, unawaie 
of the necessity foi diveision of the uiinaiy stieam, have added secondary 
incisions and levisions to the piogressnel} infiltiated areas, without improve- 
ment But when the flooi of the urethia sjwntaneously broke through 
Cl eating a laige peiineal fistula, the patient immediately began to impiove 
Unfoi tunately, this mode of pi ogress is not common wdien exti avasation com- 
plicates peiiurethial perineal abscesses But j^erineal fistulae do frequently 
follow’^ these abscesses aftei incision or spontaneous rupture, theieby account- 
ing foi the ultimate improvement of the cases wheiein multiple incisions are 
made without diverting the urinaiy stream 

T\nLC IV 

RESUITS or OPFRATIONS 



Total 

Number of 


Hospital 


Number of 

Number of 

Fatal 

Percentage 

Days of 

Type of Procedure 

Cases 

Survivors 

Cases 

Mortality 

Survii ors 

No operation 

3 

0 

3 

100% 


Suprapubic cystotomy with multiple in- 

cisions 

II 

7 

4 

36% 

48 0 

External urethrotomx , w ith multiple in- 

cisions 

9 

6 

3 

33% 

so 3 

Multiple incisions without operative di- 

version of the urinary stream 

9 

3* 

6 

67% 


* These 3 cases (Cases 14 17 and 27) are discussed under Prognosis 





Free incisions and drainage of the tissues involved in the extravasation 
are unifoimly recommended b) all writers Experimental study has stressed 
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the impoitance of avoiding the tunica vaginalis testis This pouch and the 
testicles aie not involved, so that theie is no necessity to incise and mutilate 
these stiuctures Although Campbell mentions the invasion of the tunica 
vaginalis testis m only one of his 135 cases, he and his associates continue 
to employ this piocedure The anatomic distiibution of the fasciae, the 
roentgenogi aphic demonstrations, and dissection of injected fluids, clinical 
expel lence, and autopsy lecoids, combine to question the value of this pro- 
ceduie Figuie 5 shows the end-results of a patient tieated by this method 



Tig s — Sho\\ing the result in a case operated upon at another institution, where the scrotum was 
bisected, the testes bared and ‘ swung free ” Note the extensive scarring, the permanent retraction and 
elevation of the penis in a distorted position, the absence of the scrotum, the large perineal fistula with 
the remaining folds of scrotal and perineal skin held apart on either side, and the smaller urethral fistula 
more distall> The right testicle cannot be palpated The left testicle is felt beneath the depigmented 
scar over the external inguinal ring, where it is fixed, tender and atrophied The spermatic cords can 
not be felt, and the groins are occupied b\ long, continuous, adherent scars resembling those following 
herniotomy 

This patient was operated upon, April s. 1938, at another institution, where he was confined until 
Jtilj 30, 1938 In spite of hospitalization for 16 weeks, the perineal fistulae lemained open He had 
been treated as an out patient until the time this photograph was made (August 9, 1939) 


These lesults may be contiasted with Figuie 6, wdiich show^s a patient tieated 
by multiple incisions of perineum, sciotum, penis and gioms and supiapubic 
cystotomy, without enteiing the tunica vaginalis testis 

In making multiple free incisions it is Ijettei to leave sufficient skin 
behveen the incisions by mteiiupting them fiequently The piesence of small 
tunnels of skin does not pi event adequate diainage and it gieatly facilitates 
healing Long, continuous incisions are to be avoided 

The geneial condition of the patient lequnes strenuous measuies Con- 
tinuous intravenous infusions of saline and glucose solutions, ti ansfusions, 
administration of tetanus and anaeiobic antitoxin and gas gangiene serum 
(although of questionable value), and sulfanilamide aie advised 

Spinal anesthesia has given the lowest moitahty in the Hailem Hospital 
senes, but the senes is too small to come to any definite conclusion 

Postopei atively, frequent w^et dressings wnth w^aim solution of potassium 
permanganate, and latei, hot sitz baths aie used Careful daily obseivation 
of the wounds is required to note whethei fuithei infiltiation of tissue devel- 
ops, so that prompt levision, secondaiy incisions oi lemoval of sloughing 
tissue may be accomplished without delay Following contiol of extravasa- 
tion, subsidence of fevei , and stabilization of the patient, gradual dilatation of 
niethial strictures is begun This is most easily conducted while supiapubic 
drainage is continued Periodic dilatation and careful follow-up wnll prevent 
1 ecui 1 ence 
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Fir 6 — SliOHiiifr tile lesiilt obtiincd in t pTtient (Cose 29) vlio Ind e\ 
teiisi\t extr'i\nsition in\ol\in(, tlic pciincuni, sciotum, penis Rioins md supra 
piiliic region All incisions uere supcrficnl uitli the excejition of those eiitei 
ing the superficial pouch of Colics The scrotum uas not bisected, nor weie 
the testes exposed 

A^o attempt ms made to catheteri^e the patient since the penis uas tre 
mendouslj enlarged and edematous uitli earlj gangrene of the skin The 
prepuce could not be reti acted, so that a dorsal slit was made at the com 
pletion of the opeiation 

Under spinal anesthesia a supiapubic c\stotom} is first done through a 
clear field Then the perineum was opened though paramedian incisions fol 
lowed b} multiple superficial incisions through the (lartos lasers of the scrotum 
and penis iiid through Scarpa s fascia of the groins and loner suprapubic area 
Copious amounts of ‘iiiinous’ fluid escaped from each incision, and the suh 
cutaneous tissues appealed necrotic 

The patient was extremelj ill and had a stoi mj course for a few days 
receiving tetanus and gas gangrene antitoxin three transfusions continuous 
intravenous infusions of glucose and saline solutions sulfanilamide by mouth 
and frequently changed wet dressings of warm potassium permanganate solution 

The scarring of the perineum, scrotum and groins is so superficial that 
it IS hardl> discernible The testes hang normally in a normal scrotal sac 
The penis appears somewhat enlarged Onlv a small redundant tag of the 
tremendously edematous prepuce remains following the circumcision per 
formed three weeks prioi to photography (August 9 1939) The suprapubic 
and perineal wounds are well healed and there is no nrinarj leakage from either 
wound Prior to the removal of the suprapubic Perrar catheter the urethral 
canal was gradually and easily dilated to No 30 P Upon removal of the 
Pezzar catheter an indwelling urethral catheter was employed for a few days 
to facilitate closure of the suprapubic sinus The patient made a complete re 
coverv with full restoration of his sexual power, without any disturbance in 
urination and without anv mutilation 
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PROGNOSIS 

An analysis of 32 cases of exti avasation at the Haileni Hospital ioiins 
the basis fiom which the following facts have been noted Of the 32 cases 
collected fioni 1931 to 1939, inclusive, theie were 16 deaths The average 


Tabll V 

Rf SUML. or 32 CASLS OF URINARV EXTRA VASA 1 ION 
Scms fi om Harlem Ho^prlal N K C 




Hos- 


Type of Operation 






pital 

Days 



— 





Days 

Days 

Onset 

Supra- 

Ex- 

No Op- 


Days 



before 

before 

to 

pubic 

ternal 

erative 


in 


Case 

Admis- 

Opera- 

Opera- 

Cys- 

Ureth 

Diver- 


Hos- 


No 

sion 

tion 

tion 

totomy 

rotomy 

sion 

Result 

pital 

Coiiiiiicnt 

I 

10 

0 

10 


+ 


Lived 

33 


2 

4 

0 

4 


-h 


Died 

IS 


3 

7 


7 k> 


+ 


Died 

3 


4 

9 

0 

9 


+ 


Lived 

44 


3 

10 

0 

10 



+ 

Died 

I 

Multiple incisions only 

6 

7 

I 

8 

+ 



Lived 

S2 


7 

4 

I 

S 



+ 

Died 

2 

Multiple incisions with cath- 










eter 

8 

2 

13 

IS 


+ 


Lived 

44 

Slow extravasation following 










urethrolithotomy 

9 

10 

2 

12 



+ 

Died 

1 1 

U rethrotomy w as unsuceessful 

10 

S 

I 

6 



■p 

Died 

2 

Incision only 

ir 

2 

0 

2 


+ 


Lived 

42 


13 

■3 






Died 

I 

Moribund on admission No 










operation 

13 

4 

0 

4 



+ 

Lived 

38 

Condition limited to penis 










Incisions and catheter 

14 

3 

0 

3 



+ 

Lived 

10 

Multiple incisions only Spon- 










taneous perineal fistula 

IS 

8 






Died 

I 

Moribund on admission No 










operation 

16 

S 

0 

S 

+ 



Lived 

73 

Internal urethrotomy l mo 










before discharge 

17 

7 

0 

7 

- 1 - 



Died 

2 

Extensive extravasation 

18 

12 

0 

12 




Died 

7 

Refused operation Catheter 










only 

19 

3 

0 

3 



+ 

Died 

2 

Multiple incisions only 

20 

4 

I 

S 



+ 

Died 

1 1 

Multiple incisions only 

21 

3 

4 

7 

+ 



Died 

8 

Delayed diversion caused 










death 

22 

3 

0 

3 

+ 



Lived 

33 


23 

6 


7U 

+ 



Died 

3 

Insufficiently wide liberating 










incisions 

24 

S 

5 

10 

+ 



Died 

S 

Delayed diversion caused 










death 

25 

I 

II 

12 


+ 


Died 

IS 

Delayed operation caused 










death 

26 

2 

2 

4 

+ 



Lived 

71 


27 

4 

10 

14 



+ 

Lived 

2 S 

Probably only a periurethral 










abscess 

28 

7 


8U 


+ 


Lived 

79 


29 

3 

0 

3 

- 1 - 



Lived 

47 


30 

4 

8 

12 


+ 


Lived 

96 


31 

2 

0 

2 

+ 



Lived 

33 


32 

21 

I 

22 

+ 



Lived 

31 

Prolonged onset due to pen- 


urethral abscess rvith low 
■virulence 

A. false impression may be derived from the aaerage statistics of all cases without an intimate analysis In 
!>oine cases the process was unusually slow and prolonged because of low virulence and development from a 
periurethral abscess This is illustrated by Case 32 in which 21 days elapsed before admission and by Case 8 
wherein 13 days elapsed in the hospital before the extravasation was incised 
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age of the suivivors was 39 yeais, wheieas the average age of the fatal cases 
was 50 years Three principal factors contribute to the high mortality in 
extravasation (i) Delayed tieatment, (2) impropei surgical management, 
and (3) seventy of infection and toxemia 

Delajf in tieatment was occasioned both as a result of the ignoiance of 
the patient and the eiiors of the physician The circumstances which led to 
eiioneous diagnoses meiit emphasis In many instances both patient and 
physician were uiiawaie of an initial swelling in the peiineum or of any dis- 
turbance in the uinmiy tiact The propoition of cases in vvdnch no complaint 
of pain 01 tenderness was lecorded is lemaikable Another important factor 
which led to eironeous diagnosis and delay in diversion of the urinary stream, 
was that the patient continued to void These factois led to an initial diag- 
nosis of influenza, pneumonia, typhoid fever 01 biucellosis, with valuable loss 
of time and the peifoimance of extensive laboiatory tests, until the local signs 
were of such magnitude as to be unmistakable 

Of the 32 cases analyzed, 3 cases were not operated upon, and all 3 died 
Of II cases subjected to suprapubic cystotomy, 7 survived, and of 9 cases 
subjected to external uiethrotomy, 6 survived Whereas in the 9 cases operated 
upon by multiple incisions, without any operative diveision of the urinary 
stream, only 3 survived Of these latter 3 cases, which survived without 
operative diversion, the following explanation is offeied Case 13 presented a 
condition localized onlj'' to the penis and the urinary stieam was partly, but 
inadequately, diverted by catheter Case 14 developed a spontaneous peiineal 
fistula after multiple incisions, theieby diverting the urinary stream and sav- 
ing his life Wheieas Case 27 seemed to be only a localized periurethral 
abscess with thrombophlebitis 

Of the 13 suivivors operated upon by siipiapubic cystotomy or external 
urethrotomy, 9 were opeiated upon on the day of admission, whereas of the 
16 cases who died, only 6 weie operated upon on the day of admission Of 
the 7 cases that died following suprapubic cystotomy or perineal urethrotomy, 
only 2 were operated upon on the day of admission , the other 5 cases present- 
ing a delay of from one-half to 5 days before opeiation Of the 7 cases (Cases 
2, 3, 17, 21, 23, 24, and 25) that died following suprapubic cystotomy or 
external urethrotomy, the following number of days elapsed from onset to 
operation 4, 7J^, 7, 7, 7^, ii and 12 days, respectively 

Jaundice appeals to be one of the ciitena in judging the seventy of toxemia, 
besides the general condition of the patient and the blood chemistiy data 
Jaundice was present in 8 of the 32 cases Of the 7 cases that died following 
suprapubic cystotomy or external urethrotomy, jaundice was present in 4 
The 4 other cases with jaundice survived 

SUMMARY AND CONCLUSIONS 

(i) A review of the clinical aspects of extravasation into the superficial 
perineal pouch is ofiFered, with paiticular reference to the insidious cases and 
to the differential diagnosis from periurethral abscess 
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(2) Emphasis is placed upon the emeigency natuie of the condition, and 
the necessity for eaily diversion of the uiinaiy stream, besides multiple inci- 
sions of the mfiltiated tissues 

(3) Diveision is indicated iiiespective of whethei the patient is voiding 
well or not, and it is piefeiably accomplished by suprapubic cystotomy in the 
absence of abdominal involvement 

(4) Avoidance of the deepei stuictuies and the tunica vaginalis testis is 
sti essed as a pi evention of unnecessai y mutilation 

(5) Of 32 cases leviewed, i6 died Of 3 cases not opeiated upon, all died 
Of II cases subjected to suprapubic cystotomy, 7 survived, and of 9 cases 
subjected to external uiethiotomy, 6 suivived Wheieas, of the 9 cases opei- 
ated upon, without any diversion, only 3 suivived Of the lattei 3 cases, two 
had only localized conditions lesembling peiiuiethial abscesses, and the othei 
spontaneously luptured his peimeum, theieby adequately diveiting the uiinary 
stieam and saving his life 

(6) Of the last 7 consecutive cases tieated in the lattei pait of 1938 and 
1939, when the pimciples enunciated 111 this paper weie emphasized, theie 
were no deaths 

(7) Thiee piincipal factois contiibute to the high moitahty in extiavasa- 
tion (a) Dela3^ed treatment (b) Impioper suigical management (c) 
Severity of infection and toxemia 
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EFFECT OF HEPARIN ON PHAGOCYTOSIS BY THE CELLS OF 
THE RETICULO-ENDOTHELIAL SYSTEM^^^ 

R H Rigdon, MD, and F S Schr'Vntz, MD 
Mimphis, TrNi\ 

UIOM TJIL nn \IlTMf\T Of I ITlIOLOn LNUfHSITl Of TfNNfSSff Mt ^tPPIS TtVN 

It is nkcessary to study the effect ot hepaiin on certain of the funda- 
mental piocesses that occin in the body Phagocytosis by the cells of the 
1 eticiilo-endothehal system is one of these processes von Jansco/ in 1931, 
observed that the cells of the leticulo-endothehal system in the liver, spleen 
and bone mariow m lats and mice failed to take up colloidal gold during a 
period of ten minutes if hepaim is given pieviously to the injection ot the 
metal Rigdon and Wilson- lecently studied the effect of heparnif on capil- 
lary peimeahihty and inflammation It was shown m these experiments that 
staphylococci, wdien given intiavenously to labbits, localize and concentiate 
in areas of inflammation m the same manner in the animals given the heparin 
as in the controls Fuitheimoie, a colloidal dy’^e, when given intravenously, 
localizes and concentiates 111 aieas of inflammation in a similai mannei in 
rabbits given hepaim as m the contiols These two observations appear 
significant when one consideis that both colloids and bacteiia apjiaiently 
localize and concentrate m an aiea of inflammation as the result of a change 
in the peimeability of the endothelial cells in the small blood vessels 

Anothei obseivation made by Rigdon and Wilson- is that polymoipho- 
nucleai leukocytes appaiently phagocytize staphjdococci in the subcutaneous 
tissues of the labbit in the piesence of intiavenously injected heparin in the 
same mannei as they do m the subcutaneous tissues of an unheparinized 
labbit It may be possible that hepaim has a diffeient effect on the phago- 
cytic activity of the fixed and the cii dilating cells , how evei , befoi e such can 
be stated, additional experimental studies are indicated 

Wislocki,^ Lang,"* and others, have studied the fate of caibon pai tides 
injected into the cii dilation These investigatoi s find carbon pai tides in 
the Kupffer cells 30 minutes follownng the intiavenous injection of a suspen- 
sion of caibon Intracellulai carbon particles aie piesent m the spleen 60 
minutes following the injection Lang"* states that “the ‘endothelium,' or 
bettei, the Instocytes, lining the sinusoids of the livei, the spleen aiid the 
bone maiiow^ accumulates laige quantities of caibon particles immediately 
following the injection In a majoiity of the capillaiies and capiUaiy 
veins the endothelium in the earliest stages show's various quantities of un- 
evenly-sized caibon pai tides, single or in clusteis, sticking to the fiee suiface 

""‘■Aided by grants from the John and Maij R Markle Foundation and the Uni 
versity of Tennessee 

1 The heparin is “Liquaemin’ , supplied bv Roche-Organon, Inc 
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ot the piotoplasm ” It is suggested by Lang'^ that this phenomenon of phago- 
cytosis IS the lesult of the physical piopeities of the fiee suiface of the 
endothelial piotoplasm and it is due to a change m the suiface tension of the 
lattei 

The piesent papei is a lepoit ol oui obsenations upon phagocytosis ol 
pai tides of india ink by the cells of the i eticulo-endothehal system m noimal 
labbits and in labbits given hepaiin piecedmg the injection of the ink 

Methods and Materials — Ten adult labbits aie used that weigh be- 
tween I 5 and 2 o Kg A five pei cent saline suspension of Higgm’s india 
mk IS piepaied immediately piecedmg the expeiiment in a quantity sufficient 
to inject all the animals Five cubic centimeteis of this suspension of caibon 
aie injected into the maigmal vein of the ear of five of these labbits They 
aie killed 30 minutes latei by a blow on the back of the head Small pieces 
of tissue aie lemoved fiom all the visceia and placed immediately 111 a 10 
pel cent solution of foimaldehyde The sections aie piepaied by the paiaffin 
technic and aie stained with hematoxylin and eosm 

Two cubic centimeteis of hepaiin aie injected into the maigmal vein of 
the eai of five labbits Each of these labbits is given mti avenously 5 cc 
of the suspension of india mk five minutes following the injection of the 
hepaiin Thiity minutes latei these labbits aie also killed by a blow on the 
back of the head Tissue is lemoved fiom the viscera and piepaied foi his- 
tologic examination 

Two rabbits aie injected with 2 cc of hepaiin in a mannei similai to those 
given heparin and india mk Blood is lemoved fiom the heart 30 minutes 
latei and o 5 cc of it is placed into each of foui test tubes (o 6x8 o cm ) 
The tubes are caiefully inverted at fiequent inteivals to deteimme the time 
of clotting Two noimal lahbits aie bled m a manner similai to those given 
the hepaiin and the blood is obseived to deteimme the clotting time 

Expo unentaJ — Ohseivations on the Clotting of Blood Following an In- 
travenous Injection of Hepaiin The blood from the labbits given hepaiin 
does not completel}'^ clot within 18 houis In contiast to this the blood fiom 
the noimal rabbits clots m five minutes One of these two labbits given the 
hepaiin died aftei approximately two houis At autopsy, unclotted blood is 
piesent m the peiicaidial, thoiacic and abdominal cavities This hemoirhage 
appaiently has its oiigin fiom the caidiac punctuie The second lahhit in- 
jected with the hepaiin is killed aftei two hours Unclotted blood is present 
ill the pencaidial and the pleuial cavities It appeals fiom these observations 
that the amount of hepaiin given to the labbits is sufficient to demonstiate its 
effect on phagocytosis by the cells of the 1 eticulo-endothehal system if it should 
occui 


EFFECT OF HEPARIN ON PHAGOCYTOSIS BY THE CELL OF THE 
RETICULO-ENDOTHELIAL SY'STEM 

Sections fiom the liver, spleen, adrenal gastio-mtestmal tract, kidney, 
and lungs aie studied niici oscopically Caibon pai tides are piesent m the 
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spleen, the liver and the lungs in a laigei quantity than in any of the other 
visceia It IS difhcult to study phagocytosis in these sections of the spleen 
since theie aie such a laige numbei of carbon particles, and, fuithermore, it 
is difficult satisfactorily to identify each of the phagocytic cells in these sec- 
tions Carbon pai tides aie piesent in the cytoplasm of the cells lining the 
sinuses of the spleen They ai e present both free and m the cytoplasm of the 
laige mononucleai cells in Billroth’s cords The white blood cells in the 
splenic sinuses have carbon particles within their cytoplasm The greatest 
numbei of caibon pai tides m the spleen aie located apparently in Bilhoth’s 
colds Theie is no difference as fai as we can tell m the amount of carbon 
m the spleen of labbits given hepaim when compared with sections of spleen 
fiom the noimal labbits 

The hvei is a much better organ than the spleen in which to study phago- 
cytosis by the cells of the reticulo-endothehal system The Kupffer cells 
fiequently aie filled with carbon pai tides There appears to be a larger 
amount of caibon m the phagocytic cells m the walls of the hepatic sinuses 
sui rounding the portal triads than in the cells in any other portion of the 
hepatic lobule The cells lining the cential veins only raiely contain any 
pigment This vai lation in the degi ee of phagocytosis by the cells in different 
portions of the lobule may result from the anatomic location of the Kupffer 
cells and the point of entiance of the caibon into the hepatic lobule There 
IS no difference, how evei , as fai as we can tell, in the degi ee of phagocytosis 
exhibited by the Kupffer cells in the liver of the rabbits given heparin befoie 
India ink and m the rabbits given onl}^ india ink 

A large number of the carbon pai tides aie piesent in the inteistitial tissue 
of the lungs It appeals that this is the piimaiy site for the location of the 
pai tides They are located, howevei , in the lumen of the small blood vessels 
m this tissue, and are eithei free or in the cytoplasm of the circulating leuko- 
cytes Pai tides are found only rarely in the cytoplasm of any cells in the 
alveoli Theie is no diffeience as far as we can determine m the numbei of 
carbon pai tides in the lungs of the rabbits given heparin and in the lungs of 
noimal labbits 

The sections of tissue from the organs othei than the spleen, liver and 
lungs show essentially no caibon particles There is, howevei, an occasional 
mass of carbon in either a glomerular tuft oi in the cytoplasm of the cells 
lining a sinus m the adrenal The leukocytes in the lumen of the blood 
vessels frequently have carbon pai tides wnthin their cytoplasm The gieatest 
numbei of such cells are present in the lumen of the vessels in the spleen and 
the lungs There is no variation in the amount of caibon present in the cyto- 
plasm of the leukocytes and free wnthin the lumen of blood vessels, in normal 
labbits and those given hepaiin 

The endothelial cells lining the small blood vessels are carefully studied 
for the presence of cai bon particles There are no particles observed in these 
cells in either the group of rabbits given heparin or in the group of normal 
animals 
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Discussion — Pai tides of carbon aie piesent in the Kupffer cells and in the 
cytoplasm of the cells lining the sinuses of the spleen in normal rahhits 30 
minutes following an intravenous injection of a saline suspension of Higgm’s 
India ink These findings aie similar to those of Mcjenkinp Wislocki,^ and 
Nagao ® We did not find any carbon pai tides 111 the cytoplasm of the endo- 
thelial cells in the small blood vessels 

Theie is no variation, as fai as we can tell, 111 the amount of caihon in the 
sections fiom the gioup of labbits given hepaiin and the contiols Appaiently 
the quantity and the potency of this piepaiation of hepaiin is adequate, since 
the blood did not clot within a period of 18 houis 

Five cubic centimeteis of a 5 pei cent suspension of iiidia ink is used in 
these expel iments since this amount of ink is phagocytized by only a model ate 
numbei of the Kupff ei cells within a pei lod of 30 minutes It is impoi taut to 
give only a small amount of ink in such an expeiiment, foi the cells can 
phagocytize only a limited amount of mateiials within a specific inteival 
The livei is the tissue of choice in the leticulo-endothelial system to study 
phagocytosis Cells lining the sinusoids are the only ones that phagocytize 
caihon pai tides These cells can he easily demonstiated in histologic studies 
The spleen, in contiast to the liver, is a very unsatisfactoiy tissue for the study 
of phagocytosis of caihon pai tides The quantitj of ink is maiked in the 
spleen, and, fuitheimoie, the pai tides aie piesent in both the sinuses and 
the pulp It IS difficult satisfactoi ily to identify each of the phagocytic cells 
A consideiation of phagocytosis m the piesence of hepaiin is impoitant 
clinically If this ditig, in the quantity used m cases of thrombophlebitis, 
should be shown to inhihit phagocytosis of bacteiia by eithei the circulating 
or the fixed tissue cells, there might be a definite conti aindication foi its use 
The studies of Rigdon and Wilson,^ and the piesent expeiimental ohseiva- 
tions, indicate that heparin does not inhibit phagocytosis, and as far as ue 
know theie aie no conti aindications to its use in cases of infected thiomho- 
phlebitis 

von Jansco^ obseives that 5-10 mg of hepaiin when given inti avenously 
to mice pi events the phagocytosis of colloidal pai tides of gold duimg an inter- 
val of ten minutes When smaller doses of hepaiin aie given phagocytosis is 
meiely letaided von Jansco’- found that “Geimanin,” a potent anticoagu- 
lant, does not pi event the pi ecipitation and the phogocytosis of india ink 
He did not study the effect of heparin on phagocytosis of india ink h}'^ the 
1 eticiilo-endothelial system 

It IS significant to obseive the above variations of the two anticoagulants, 
heparin and “Geimanm,” on phagocytosis It is equally significant to lecall 
that “the 1 eticulo-endothehal elements, while possessing certain propeities m 
common aie yet stiictly selective and specialized in their activities 111 the 
various oigans The endothelial cells of the venous sinusoids are even 
moie indifferent to particulate matter than to soluble dye ”” 

It may be concluded fiom the expeiimental studies alieady made upon 
heparin that it has no effect upon (i) The anaphylactic leactions,® ^ (2) 
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tapillaiy peimcabihty- , and (3) phagocytosis of staphylococci hy polymoipho- 
nucleai leukocytes - The 1 esults of the pi esent expei iineiit may now he added 
to these ohseivations , namely, hepaim when given to lahhits 111 a quantity 
sufficient to prevent the clotting of Wood foi 18 hours has no effect, as fai 
as we can tell, upon phagocytosis hy the cells of the reticulo-endothelial system 

SUMMARY 

Theie is no diffeience m the amount of caihon phagocytired hy the cells 
of the leticulo-endothelial system 111 normal lahhits and those given 20 mg 
of hepaim intiavenously, when 5 cc of a 5 pei cent saline solution of Higgins’ 
India ink is injected intiavenously five minutes following the hepaim, and the 
animals aie killed 30 minutes latei This amount of hepaim appaiently is 
sufficient to effect phagocytosis if such should occui since hlood from lahbits 
given 20 mg of hepaim does not clot completely within a peiiod of 18 houis 
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In the studies to be piesented, physiologic obseivations aie made on the 
ciiculatoiy status in man befoie and aftei a suigical opeiation The changes 
m hemodynamics, lespiiatoi}' gases, and vaiioiis blood constituents aie com- 
paied to the leported findings m secondaiy shock in humans 

Shock has pioved itself to he such an intiiguing and elusive piohlem that 
a laige numhei of investigations have been earned out duiing the past 50 
yeais Hoy much the undei standing of the ciiculatoiy changes has been 
impioved by these studies is illustiated h)'^ compaimg the definition of shock 
given by Gioss,^ m 1872, with that given by Blalock,- m 1940 The eailiei 
wiitei considered shock to he ‘the manifestation of a lude unhinging of the 
machmei}/ of life” Blalock, on the othei hand, aftei nan owing the piohlem 
down to hematogenic 01 secondaiy shock, states ‘‘The initial and the most 
impoitant alteiation m the cn dilation is the diminution in the blood volume 
This may he due to the loss of fluid which escapes fiom the body 01 into the 
tissues of the body, and theie may he a local pooling of blood at the site of 
injury The impoitant distinguishing chaiactei istic is that theie is general 
vasoconstiiction rathei than geneial vasodilatation as m othei types of shock 
The decline in blood volume is followed by a deciease in the return of blood 
to the heait and hence in a deciease in the caidiac output The development 
of hemoconcentiation 01 dilution at this stage is dependent upon the lelative 
losses of cvhole blood and of blood plasma, upon the piesence or absence of 
dehydiation and upon othei factois If the volume of the ciiculating blood 
continues to dimmish, the blood piessuie declines even though vasoconstiic- 
tion is maintained A continued depi ession of the blood ^ olume and pi essure 
lesults in a failuie of the constrictoi mechanism All of these changes lesult 
in anoxia of the tissues, mainly stagnant in type This is accompanied by 
geneial capillaiy dilatation, by an inciease 111 capillaiy permeability, by a 
geneial loss of fluid, and by a multitude of other alteiations ” 

While faiiU geneial agieement concerning ceitain featuies of fully de- 
veloped secondary shock has now been achieved, the same cannot be said of 
the eaihei changes occuiimg befoie symptoms of shock develop The rela- 
tively slocv piogiess on this aspect of the subject appears in part to be due to 

* Undei a giant from the Commonwealth Fund to the Lung Function Unit Under 
direction of Di Andre Couinand, Tuberculosis Serwee, Bellevue Hospital, New Y’ork 
N Y 
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the fact that satisfactoiy technics have not been a^allable foi use in humans 
In the piesent studies methods have been employed which, we believe, are 
w ell suited to the elicitation m man of early changes trending in the direction 
of shock 

The development of a technic for catheterization of the right auricle in 
maiT piovides a means of making direct obseivations on mixed venous blood 
as it 1 etui ns fiom the tissues Since simultaneous observations on arterial 
blood are readily available by arteiial punctuie, the net changes resulting 
from the passage of blood through the tissues can be noted In addition, by 
simultaneous collection of expned an, the caidiac output can be determined 
by appl3'ing the Fick foimula Data on cardiac output and on the pressure 
in the light auricle and biachial aiteij^ provide information regarding cardiac 
dynamics Fuithermore, data on cardiac output and on the piessure, respira- 
toiy gas content, and othei constituents of the blood entenng and leaving 
the tissues provide infoimation legaiding the influences to which the peripli- 
eial blood is subjected The mateiial wdiich follows lepresents the applica- 
tion of these technics to patients undergoing a suigical operation 

Choice oj Swgicol Opciahon — During a major surgical procedure several 
factois, including operative trauma, hemorrhage, other fluid loss, sedation 
and anesthesia, and nervous stimuli, all influence the resultant circulatory 
status^ In Older to compaie the circulatory changes in a group of cases, 
therefore, it is desirable to have these influences comparable in each case 
We attempted to obtain such conditions by standardizing the operative pro- 
cedure and minimizing other factors All cases undei went a first stage thora- 
coplasty, performed by the same surgeon Blood loss w^as measuied Local 
anesthesia was used to avoid the systemic effects of geneial anesthesia,^ and 
small doses of sedatives \veie given as needed to prevent circulatory changes 
1 elated to emotional stiess ® 

Procedure — Patients to be studied w'ere prepared for operation m the 
usual way, and received medication as listed in Table I Before operation a 
ureteial cathetei ivas intioduced into the light auiicle and cardiac output 
deteimmations made by ballistocardiographic and direct Fick methods, as 
described elseivhere The thoracoplasty w as then pei formed and cardiac 
output studies repeated postopei atively, without changing the position of the 
cathetei It remained in place for about two and one-half houis on an aver- 
age During this entiie time a sloiv saline infusion was maintained through 
the cathetei Before, duiing, and after opeiation, frequent measurements of 
pulse rate, respiratory rate, arterial blood piessuie, and auriculai blood pres- 
suie were made Arterial blood pressure ivas measured with the sphj^gmo- 
manometer and auricular pressure with a saline manometer Roentgeno- 
grams of the chest were taken in four cases at the end of operation, in order 
to relate the level of the tip of the catheter to the zero point on the manometer 
and thus facilitate correction of auiicular pressure readings In the other two 
cases, estimates were made based on fluoioscopy, pievious roentgenograms, 
and actual chest measurements The studies on blood and expired air which 
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weie lecjuiiecl foi caidiac output cletei mination gave a complete picture of the 
lespiiatory gases m the blood and lungs In addition pii measui cments of 
the mixed venous and arteiial blood weic made with the glass electrode in 
two cases, providing the necessary mfoimation foi finding the caibon dioxide 
tension and alkali leser^e ^ At the time of each caidiac output stud}, addi- 
tional aiteiial blood ivas taken foi hematocrit and plasma protein determina- 
tion Blood loss during opeiation was estimated m one case by the weight 
of fluid lost fiom the opeiative site'" and in the others by the amount ot 
hemoglobin lost The amount of saline given thiough the cathetci was 
measured appi oximatcly 

Results — The six patients studied weie all “good risks,’’ and none of 
them developed clinical evidence of secondary shock The significant in- 
foimation desciibmg the patients, the opeiative proceduie, and postoperative 
course, aie listed in fable I The data on measui ements made befoie and 
aftei operation aie showm in Tables II. Ill, IV and V The moie iinpoitant 
findings w'eie 

(1) Caidtac Output — Ot the six patients studied, cardiac output detei- 
minations by the Fick methodi were satisfactoiy in foui the blood data being 
inadequate on J C , and the checks pooi on J G (The respiratory quotient 
(Table II] does not check with the latio a/b [Table V]) Of the foui 
satisfactor} cases, two show'cd a slight inciease in caidiac output after opera- 
tion, and tw'o showed a deciease 

(2) Oxygen Intake and Oxygen Ai tenovenous Dtffeuncc — J D and 

N S show'ed an inciease m oxygen intake as W'cll as in caidiac output after 
operation As seen by reference to the Fick equation, the ratio ot oxygen 
intake to cardiac output is equal to the ox}gen arteiiovenous difference The 
ai tenovenous difference, theiefoie varies directly with the amount of oxygen 
removed from each unit volume of blood, and inversely wnth the volume-flow^ 
of blood pei unit of oxygen used An increase in arteriovenous diffeience, as 
showm by J D and N S , indicates a 1 educed volume-flow in propoition to 
the oxygen used by the tissues 

■’'In this case all surgical materials wcie weighed before operation and discarded 
when soiled with blood or plasma, into a known amount of water After operation all 
the surgical materials and the water w'crc again weighed, and the increase considered to 
be due to fluid lost from the operative site 

T The technic of Gatch and Little for determining hemoglobin loss w'as modified 
slightly Blood-stained sponges were discarded into a known volume of normal saline, 
and hemoglobin determinations performed on this fluid bs the Sahli 01 the oxsgtn 
capacitj technic Grams of hemoglobin lost w'crc readilj calculated and translated into 
terms of cubic centimeters of patient’s blood 

, 0 „ intake in cc /niin 

t Cardiac output m L /mm = — rr—r 

0 » arteriovenous difference in cc/L lilood 

or 

CO. output in cc /mm 

CO2 arterioi enous difference 111 cc/L blood 

In the satisfactory cases these values checked fairlv closely (Table V), and an 
average of the two values w'as used 
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Time of 

TAiii-r II 

Ventilation 

CO Output! 

0. Intake! 

Respiratory 

Name 

Study 

Rate Liters/Min 

Cc /Min 

Cc /Min 

Quotient 

M M 

Preop 

20 

6 39 

139 S 

175 5 

793 


Postop 

36 

5 96 

142 S 

190 5 

748 

C DiL 

Preop 

18 

5 17 

131 0 

172 0 

762 


Postop 

26 

6 68 

1 51 0 

203 0 

744 

J D 

Preop 

22 

7 62 

181 0 

234 0 

775 


Postop 

27 

8 62 

2 1 1 0 

26 s 0 

796 

N S 

Preop 

14 

6 34 

ipo 0 

182 0 

I 043 


Postop 

19 

7 14 

187 S 

251 0 

749 

JO 

Preop 

14 

7 06 

2o<; 0 

263 0 

781 


Postop 

22 

7 84 

181 s 

258 0 

710 

JC 

Preop 

Postop 


8 47 

10 00 

227 0 

228 0 

30s 0 

320 0 

746 

711 


'■ Saturated Ras at t7° C and prevadiuR barometric prc'^sure 
i Dry Ras at o° C and 760 Mm hemoRlobin 


M M and C DiL showed an met ease in oxygen intake but a decrease 
in caidiac output aftei opeiation On both accounts the arteiiovenous oxygen 
diffeience inci eased, indicating, as befoie, that the volume-flow of blood in 
piopoition to tissue needs was reduced 

(3) Oxygen Satmotion of A)teual Blood — The oxygen satiiiation of 
the arteiial blood ^\as in all cases essentially unchanged after opeiation, le- 
gardless of changes m caidiac output, indicating that gas exchange in the 
lungs preceded in a normal mannei 

(4) pii, Caihou Dioxide Tension, and Alkali Reseive — In two cases the 
blood pii was measured, and with this additional information caibon dioxide 
tension and alkali leseive weie detei mined One of these cases showed an 
increased caidiac output after opeiation and the othei a deciease The blood 
of both cases was more acid aftei operation and showed inci eased carbon 
dioxide tension and i educed alkali reseive In the patient whose caidiac 
output inci eased, the alkali leseive, although deci easing, remained within 
noimal limits, while in the patient whose caidiac output diopped, the alkali 
leseive was definitely below the limits of noimal 

(5) Pulse Rate and Sti oke-Voliime — The pulse rate changes boie no con- 
sistent relationship to minute-volume of cardiac output Of the two patients 
whose caidiac output increased aftei operation, J D showed a marked 
inciease in pulse late, while N S showed very little, and of the two whose 
caidiac output deci eased, M M showed a marked inciease m pulse late, 
while C DiL showed very little The pulse thus gave no clue as to total 
caidiac output Since the vaiiations in absolute value of cardiac output ^\ele 
not laige, sti oke-volume vaiied inversely with the pulse late in each case 

(6) Ainiculai and Aiteiial Blood Piessine — Patients whose cardiac 
output inci eased showed veiy slight reduction in auiiculai pressure and only 
small 1 eduction in artei lal pressure Patients whose cardiac output decreased 
shoi\ed somewhat gieatei changes Systolic piessure tended to drop more 
than diastolic 

(7) Blood Loss and Saline Gain — It so happened that the saline given 
approximated the volume of blood lost in all cases except M M Her fluid 
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loss, as measuied, exceeded the saline given by neaily 800 cc Theie -was a 
consideiable diop in auricular and aiteiial piessuies, a maiked inciease in 
pulse rale, and a diop in caidiac output in bei case In the otbei cases blood 
loss and saline gain could not be related to otbei ineasui ements 

(8) Hemodiluhon — Dilution of beinoglobin was indicated by a diop in 
the oxyhemoglobin capacity of the aiteiial blood 111 eveiy case 

Dilution of plasma was shown by a diop in plasma piotem concenti ation 
in eveiy case 

A 1 eduction 111 the volume of cells lelative to whole blood volume was 
demonstiated by a diop 111 bematociit leading in five cases The sixth case, 
C DiL, showed an inciease m the bematociit aftei opei ation 

Discussion — The diiect Fick method of caidiac output detei mination 
used m these studies is discussed elsewheie Because of its theoietic sound- 
ness and because of internal checks within the method, it is thought to be 
the most lehable pioceduie available for the detei mination of caidiac output 
in humans In addition, it is suitable foi studies in which the patient’s active 
coopei ation cannot be obtained 

Pievious studies comparing caidiac output determinations by the diiect 
Pick method and the balhstocaidiogiaph m normal man, showed that, undei 
ihe conditions of those expeiiments and piovidmg ceitam collections were 
made, the balhstocaidiogiaph was suipiisingly accuiate"^ It was. theiefoie, 
hoped that 111 the present studies the balhstocaidiogiam could be checked 
against the diiect Pick measui ements befoie and aftei suigeiy Unfoitu- 
nately, theie weie only two instances befoie and one aftei suigeiy in which 
the tiacings weie satisfactoiy In geneial the balhstocai diograms could not 
be used for calculation of the sti oke-volume, the foim of the tiacings being 
abnoimal eithei because of too lapid pulse late 01 because of extianeous 
vibi ations 

Auiiculai piessuies taken dm mg opei ation showed a downward trend, 
as leflected in the pie- and postopei ative figuies Moment-to-moment vaiia- 
tions weie slight, except in the case of M M , who sighed and gi unted a gieat 
deal Sighing caused a sudden diop in auiiculai piessuie and giuntmg a 
piecipitous use, piesumabl}'’ 1 elated to changes in intiapleuial piessuie In 
five patients, the change of position fiom the back to the side caused an in- 
ciease of about 50 Mm of watei in auiiculai pressuie, legaidless of which 
side was up, the sixth patient showed a diop of similai magnitude 

In the case of N S the lecoided auiiculai piessuies weie about twice 
as high as in the othei patients Roeiitgenogiams of the chest showed the 
Up of the cathetei to be unusually low and anterioi, laising the possibility 
that it might have leached the light ventiicle 

The lespiiatoiy quotient foi N S lAas abnoimall} high befoie opei ation 
Ihis IS not leadily explained since he was in a fasting state and vas not 
maikcdl) h) pen entilating His medication \\as compaiable to that given 
the olhei patients and theie was no reason to suspect a diug reaction The 
excellent check which was obtained on blood gas anal) sis (Table V Ratio 
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a/b) suggests that the liigh lespiratory quotient lepiesented the true state of 
the lespiiatoiy gases at that time 

In the detei mination of blood loss fiom the opeiative site, the weighing 
method gave an estimate based on total fluid loss, including plasma, while 
the other method gave an estimate based solely on hemoglobin loss The 
foimei would he ex])eeted to give somewhat higher lesults, hut the large 

1 \iiu V 
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from 

Cardiac 
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Indea 




Diff 

DilT 


CO 

0 

Output 

Vol 

L /Min 


Time of 

Pulse 

Cc /L 

Cc /L 

Ratio 

Data 

Data 

Av 

Cc / 

Sq Ml 

Name 

Study 

Rate 

Blood 

Blood 

(a) /(b) 

L /Mm 

L /Min 

L /Min 

Beat 

B S 

M M 

Preop 

92 

34 

42 

81 

4 10 

4 18 

4 14 

45 0 

2 90 


Postop 

124 

42 

52 

81 

3 39 

3 66 

3 53 

28 5 

2 47 

C DiL 

Preop 

112 

27 

36 

75 

4 85 

4 78 

4 82 

43 0 

3 13 


Postop 

ii6 

37 

52 

71 

4 08 

3 91 

4 00 ' 

34 5 

2 60 

J D 

Preop 

84 

37 

44 

84 

4 89 

5 32 

5 II 

60 8 

2 86 


Postop 

130 

39 

48 

81 

5 4 t 

5 52 

5 47 

42 I 

3 06 

N S 

Preop 

8? 

38 

36 

I OS 

5 00 

5 OS 

5 03 

59 2 

3 01 


Postop 

95 

36 

47 

77 

5 21 

5 34 

5 28 

55 6 

3 16 

JG 

Preop 

110 

26 

35 

74 

7 89 

7 52 

7 71 

70 I 

4 79 


Postop 

9 t 

28 

19 

57 

6 55 

5 26 

5 91 

62 I 

3 67 

JC 

Preop 

68 






5 50+ 

80 9’* 

2 75 * 


Postop 

9O 






5 46* 

S6 9 * 

2 73 * 


From balhstocircliognm 

diHeience in calculated blood loss between IM M and the other cases is 
thought to he only in part due to the diffeience in the technic of blood 
loss detci mination None of the figuies can he consideied hut a rough 
appi oximation 

The effects of sedation and anesthesia appealed comj^aiahle in all cases 
except one M M, alone, showed signs of appiehension and model ate pain 
dining opeiation, lesulting m wnde vanations in auiiculai piessuie and le- 
spiiatory rate These signs weie not present hefoie and aftei opeiation at 
the time when most of the measuiements w^eie made The othei patients 
lan a lelatively steady course and gave no evidence of ahnoimal activity of 
the autonomic neivous system All leceived a numhei of dings in small 
doses as shown m Table I While this, in itself, was undesnahle, it was 
necessary to insuie satisfactoiy anesthesia and a satisfactoi}' subjective state 

The tiends of the detei minations made hefoie and aftei suigei}'^ may he 
summaiized as follows 

Regarding caidiac dynamics, the aunculai piessuie, oi filling piessuie of 
the right heart, show'cd significant diminution in the cases whose caidiac out- 
put declined aftei opeiation Aitenal piessure, iiivaiiahly show'-ed a slight to 
model ate drop In i elation to oxygen intake, caidiac output diopped m all 
cases 

Regarding the influences to which the blood was subjected in the tissues, 
the increased arteiiovenous diffeience inci eased caibon dioxide tension in 
the mixed venous blood, deci eased alkali leseive, and deci eased pn all nn- 
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plied that tlieic was slowing of blood floA\ ledative to tissue metabolism, sug- 
gesting eaily ])enpheial stasis 

An attempt to compaie these obseivations with the findings in the hteia- 
tuie on secondary shock in man, leveals that cardiac output, aunculai pres- 
sure, and mixed venous blood studies have not been leported Indued 
evidence of i educed caidiac output includes the finding of reduced blood 
flow thiough the hand (Freeman, Shaw, and Snydei^”), and the lepeated 
clinical obseivation of collapsed veins, thready pulse, pallor of the skin and 
reduced suiface tempeiature In legaid to aunculai piessure, Fishbeig’s^^ 
finding of a i educed peiipheial venous pressure is suggestive His figures of 
10-20 Mm of water in shock cases aie significantly lowei than that of 37 Mm 
of watei, found by Richaids, et al to be the aveiage aunculai pressure in 
1101 inal man Because of the necessaiy piessuie giadient fiom the aim vein 
to the light auiicle, it is implied that Fishbeig’s cases of shock had low auiicu- 
lar piessuies, that is, below 10-20 Mm of watei Indiiect evidence legaid- 
ing the mixed venous blood is piovided by Fieenian, Shaw and SiD'^dei,^*’ 
who found the oxygen content of the peiipheral venous blood maikedly le- 
diiced 111 cases of shock It is piobable that the oxygen content of the mixed 
venous blood is likewise 1 educed 111 shock 

Repoits of othei measiiiements on secondaiy shock 111 humans aie aiail- 
able foi dnect compaiison with the findings piesented Aiteiial hlood 
piessuie,^* and alkali leseive^*' have geneially been toiiiid low- 

ei ed, oxygen satuiation of the aiterial blood essentially unchanged,^" and 
pulse late elevated^® Henioclilution has been noted in association woth 
hemorihage,^"' but hemocoiicenti ation is geneially consideied chaiactenstic 
of secondaiy shock 

In the hleiatuie on human shock, theie are, in addition, lefeiences to 
many othei types of study, among the moie impoitant of which aie the 
determination of blood volumes,^" and the compaiison of hemoglohin 
concenti ation in the capillaiy and venous blood These procedures, 1111- 
foitunately, w'^eie not included 111 the piesent investigation 

The changes noted aftei opei ation, in the cases studied, w^eie, 111 geneial 
similai 111 clnection but less maiked m degiee than those expected m shock 
They lepiesent physiologic alteiations occuiiing 111 the absence of, but pie- 
sumably 1 elated to, the shock synch ome 

The expansion of this Dpe of study should lead to a bettei undei standing 
of the piogicssive changes 111 shock, and, thus help to pioMcle moie acute 
diagnostic criteiia and moie effective therapeutic measures 

SUMMARY 

(1) Studies of the cardiocnculator} status befoie, dining, and aftei thora- 
coplast) peifoimed iiiidei local anesthesia, were made on six patients Foui 
of the studies w’ere technicall) satisfactoiy 

(2) The technics employed included simultaneous collection of mixed 
lenous blood, arterial blood and expired an measurement of auiiciilar and 
arterial blood pressuie, and estimation of blood loss and saline gam 
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(3) The vanous deteiminations deiived fiom these technics showed the 
following tiends In 1 elation to oxygen intake, caidiac output deci eased, 
auiiculai piessuie and aiteiial piessuie snowed a slight to moderate drop, 
ai teriovenous difference and caibon dioxide tension in the mixed venous 
blood increased, and alkali leseive and pn deci eased 

(4) The lelationships of these findings to those expected in secondary 
shock aie discussed 
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BRIEF COMMUNICATIONS 

SPONTANEOUS EUPTURE OF A NORMAL HEPATIC DUCT 

REPOBT OF A CASE 

Nathaniel E Reich, M D , FACE (Assoc ) 

Brooklyn, N Y 

A REVIEW of the liteiatuie on the biliaiy tiact fails to leveal the repoit of 
any case of spontaneous inptuie of noinml bile passages The value of le- 
poiting the condition becomes even inoie appaient when one notes that rec- 
01 ds of hepatic duct ruptuie, even from obvious causes, are exceedingly rare 

The site of peifoiation m the biliary tiact occurring from all causes in a 
gioup of 90 cases collected by McWilliams,^ has been 91 pei cent m the 
gallliladdei , 4 4 pei cent m the common duct , 3 3 per cent 111 the cystic duct , 
and i i pel cent m the hepatic duct However, this latter case (Biunner-) 
was not of a spontaneous natuie, but was due to the piesence of one stone in 
the ampulla and two stones in the common duct Fieeland^ lepoited one of 
the eailiest lecoided cases of a luptured hepatic duct This was caused by a 
stone in this duct 

In 1829, Conipaignac^ described the case of a man, age 35, who had leceived 
a violent blow upon the abdomen He did not die until 18 days later, )^et 
autopsy showed a lent in the left bianch of the hepatic duct, and six pints of 
deep-gieen bile 111 the abdomen 

Othei authois^ ^ discuss luptuie of the gallbladdei, cystic and com- 
mon ducts, but no mention is made of the possibility of hepatic duct ruptuie 

In this connection, the anatomy of the hepatic duct^^ is woith reviewing 
veiy biiefly The two laige biliaiy ducts, one from the left lobe and a largei 
one from the right lobe of the livei, unite just beyond the transveise fissuie 
to foim the hepatic duct This duct is 20-40 Mm (thiee-quaiteis to one and 
one-half inches) long with a diametei of 4-6 Mm , descending one-quartei 
inch to the light and anteiioi to the poital vein in the lessei omentum to join 
the cystic duct m the founation of the common duct The mucosa is of the 
columnai type and contains blanched tubulai gland-like stiuctuies 

Case Report — E M , white, male, age 73, complained of se\ ere abdominal pain of 
four dajs’ duration, situated in the epigastiic region and extending downward The pain 
had been continuous He had vomited at the onset and several times since For the past 
tew yeais, he had been suffering from gastric upsets and melena had been passed on 
scNcral occasions There was no historj of trauma 

The patient denied all pievious illnesses and claimed to ha\e been 111 good health 
all ins life He stated that his habits had al\\a\s been good Famib historj a\as ir- 
rekiant 

P/ivnea/ Examniatioii — The patient was a well-de\ eloped and well-nourished white 
iinle, coniphmiiig of se\ere ahdominal pain most marked at the p\loric region Teni- 
peraliire 1006” T, pulse no, respirations 30 Tliere was no ceanosis or jaundice Gen- 
eral examination was essentialh negatnc other than tor the abdominal findings The 
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LiitiiL abdomLii had i huard-likt ngiditv, it was painful ind tcndci, and icsistant to 
palpation 

Laboratorj findings showed tlic urine to be negative Hemoglobin go per cent, 
WB C 12,350, with 84 per cent polymorphonuclear leukocjtes, 16 per cent Ijmphocytes 

Cluneal Dtacpwsis — Perforated duodenal ulcer and peritonitis 

Operation — Under ether anesthesia, the abdomen was opened through a five-inch, 
right rectus incision, beginning at the costochondral angle Numerous adhesions were 
encountered, and free peritoneal fluid of a dirtv rcllow' color w^as present This had a 
slightly bloody appearance near the pyloric region No perforation of the stomach or 
intestines or other organ was demonstrable, and because of the evtremelj poor condition 
of the patient no further manipulation or further exploration w'as deemed advisable 
The peritoneum, fascia and skin weie closed 111 ]a%ers, and a cigarette dram w'as inserted 
to the pylorus The patient was verv restless and perspired freeh followung the opera- 
tion He expired six hours later 

Autopsy — The right heart chambers w'erc markedlj dilated The m3 0cardium w'as 
of normal thickness and contained a fine, diffuse fibrosis throughout The endocardium 
and valves were normal The aorta and coronarj' arteries were involved by a moderate 
arteriosclerotic process The lungs presented a slight passive congestion at both bases 
but w'ere otherwise normal The liver w'as small, hobnailed externalh, and w'as bathed 
in some 300 cc of thin, cloudy, odorless, \ellow fluid On section, it w'as markedh 
cirrhotic, and there was a considerable increase of fibrous tissue in the periportal spaces 
The gallbladder was normal and conti acted, containing no bile There w'as a tiny perfora- 
tion at the middle of the anterior sui face of the hepatic duct, about 0 5 cm w ide, 
through w'liich could be expressed thin, golden bile All the layers of the duct were of 
normal thickness and coloi, and the mucosa w'as smooth No stones were found in die 
liver, biliarj tract, peritoneal caeitj or intestinal tract The c\stic and common ducts 
W'ere normal The cjstic artcrv showed no thrombosis The gastro-intestinal tract 
W'as free from perforations or other pathologr, other than an acute engorgement of the 
serosa throughout Several adhesions in the upper abdomen had been tied and severed 
The spleen w'as soft and friable and of normal size On section, the normal architecture 
was replaced bj a soft pulpj substance The pancreas w'as of normal size, shape, coii- 
sistenc\ and position, and revealed no abnormalities on section The genito-urinarj tract 
W'as essentiallj normal Except for cirrhotic changes of the h\er, microscop> w'as essen- 
tially negative Anatomie Diagnosis — Spontaneous rupture of the hepatic duct, bile 
peritonitis, atrophic cirrhosis of the liver, coronary sclerosis, mjocardial fibrosis, and acute 
cardiac dilatation 

Causes for Rupture — Font explanations foi bile duct ruptuie have been 
advanced by Newbuigei,^~ w'hich are presented in modified form 

(1) Increased Inhaductal Piessuie, W'lth bui sting at the ciitical point of 
distention This inci eased piessuie is due to mechanical blockade by stones, 
reflex spasm of the sphinctei of Oddi, or both The critical point, in the 
cases desciibed, is at the point of operation (le, cystic duct stump, or at 
entrance of supraduodenal tube) Rolleston and McNee^® feel that in the 
case of a healthy gallbladder wall, it may be thinned from distention, and 
luptuie may then take place fiom tiauma, 01 as a lesult of sudden piessuie 
brought to beai upon the gallbladder b}' contraction of the abdominal w alls in 
violent straining, coughing, or m the vigoious abdominal contractions during 
laboi 

(2) Injection (cholangitis) destroj's the mucosa and elastic tissues, weak- 
ens the duct w'alls and low'ers their resistance to possible intraductal piessuie 
inci eases Wolfson and Levine® report three cases of spontaneous rupture of 
the common bile duct following choledochostomy In tw'O cases, the duct 
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contained calculi, while in the thud, it was filled ^\lth a thick mucoid cast 
In these cases, ruptuie occuiied due to a subacute infectious piocess at the 
site of the choledochostomy A similar case has been lepoited by Beinhaidd’’ 
except that the spontaneous luptuie occurred thiee yeais aftei chole- 
dochotomy Newbuigei^- adds a case of his own and eight othei collected 
instances 

(3) Thiombosis (possibly of the cystic arteiy) might account foi cases m 
which the peiforation occuis widely sepaiated tiom an aiea of opeiative 
trauma 

(4) Rcflu\ oj Activated Pancicatic Juice thiough a common opening of 
the panel eatic duct and choledochus, with tissue digestion The anatomic lela- 
tionship between the common and paiici eatic ducts also militates against such 
cl possibility In this situation fat necrosis should be pi esent Pui e panel eatic 
juice will not pioduce fat neciosis unless activated by intestinal juice,-- and 
piesumably by tissue kinases 

To the pieceding explanations may be added five othei s 

(5) Stones ovei looked at the time of operation may ecentually pioduce a 
piessuie neciosis of the w'all Although mention is made only of common oi 
cystic duct stones, it is assumed that similai changes hold foi hepatic duct 
stones This is of gieatest impoitance, since W J Mayo^* found that in 
almost one-thiid of the deaths follownng common duct opeiation foi stones, 
autopsy levealed that all stones had not been lemoved Others'^*’ have also 
found in neciopsy mateiial, laige peicentages of stones left postopeiatively in 
the ducts In peiforations of the gallbladdei, stones cveie associated in ovci 
70 pei cent of the cases The point of extiavasation may be micioscopic 
When the ulceiation cannot be found on caieful examination. Powei,^® and 
lloiialh'’ feel it is stiongly possible that a tiansudation of bile occuis Pow'ci 
lepoited thiec cases of biliaiy peiitointis in which stones w'eie found, but 
with the actual point of peifoiation ovei looked On the othei hand, Walleis 
and Snell-*’ believe it lemaikable that the mucosa of the common duct is 
changed so little in the majoiity of cases of stone m the common duct the 
natuial lesistance of this epithelial suiface to tiauma seems to be high Nevei - 
theless, ulceiation may occui at points cvheic a stone becomes imjiacted In 
spite of the dilatation of the common duct and inflammatoi} changes in its 
wall, luptuie IS laie 

(6) Indiicct Ttauiiia to the duct fiom external souices. such as falls, oi 
auto accidents, may lesiilt in ovei sti etching and teaiing of diseased oi e\en 
noiinal bile ducts Although such cases ha^c been leported occui iing in the 
cystic and common ducts and gallbladdei the} have not been mentioned m 
conjunction with the hepatic duct 

(7) Diicct IVouiids caused In sabci, ba^onet. and piojcctiles l^irect 
wounds ma} occui also accidentalU duiing abdominal surgeiy-’ or jiaia- 
ccnlesis 

(8) 7 /<7r/;o;i due to shrinkage of luei (cn ihosis of In ei , oi acute 
and subacute }ellow atropln ) oi the downward pull of the duodenum In 
adhcMons ma^ concenabl\ pioduce o^ ci sti etching and teaiing of the hcjiatic 
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duct Although these etiologic factois have not been mentioned in the litera- 
tuie, it IS slightly possible that the ciirhosis and subsequent liver reti action, 
as in oui case, might possibly result m a teai, especially if an element of 
tiauma weie also introduced Against this supposition is the chionicity of a 
cirrhotic process, and the compensatoiy changes m a giadual elongation of 
the duct, as well as the mobility of the duodenum In addition, no such case 
has been reported m the literature 

(9) Finally, cai cmomatous mvasion of the duct may pioduce rupture, 
although othei symptoms based on obstiuction become evident veiy early 

SUMMARY 

A case of a spontaneous rupture of a noi mal hepatic duct is 1 epoi ted The 
causes for ruptuie of the biliaiy tract aie consideied A careful search 
through the liteiatuie failed to leveal a similai case 
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COMMON DUCT OBSTRUCTION DUE TO PRIMARY CARCINOMA 

OF THE CYSTIC DUCT 


RESECTION, WITH REESTABLISHI^IENT OF CONTINUITY OF THE COMMON BILE 

DUCT 

Gordon D Oppenheimer, M D 
New York, N Y 

FnoM TiiF snnoic^L sfumcf oi nn \ mt sinai hospital, nf\a lonK, n i 

Carcinoma of the C3^stic duct oi of the common bile duct at the junction 
of the cystic duct is laiely amenable to surgical theiapy The patient here- 
with pi esented afforded an unusual opportunit}’- to pei foi m a successful radical 
opeiation That the piocedure was only palliative in this instance will be 
noted fiom the following lepoit 

Case Report — Hosp No 459614 I A , male, age 57, was admitted to Mt Sinai 
Hospital, July 10, 1940, and discliaiged, September 3, 1940, with the history of having 
noted daik urine and light stools thiee weeks preceding admission One and one-half 
weeks later, jaundice was noted with itching Theie had been no other symptoms except 
a loss of six pounds in weight The past history was essentially negative, except for a 
mild diabetes discoveied four years previouslj', which was easily controlled by diet 

Physical Examination — The patient was a well-developed and well-nouiished, deeply 
icteric male The heart and lungs were noimal There was a large, smooth firm mass 
in the right upper quadrant of the abdomen extending down to near the umbilicus This 
was appaiently the liver Blood pressure 126/80 Clinical Diagnosis — Caicinoma of the 
head of the pancreas, with common duct obstruction 

Laboiatoiy Data — Hemoglobin 94 per cent, W B C 8,350, with a normal differential 
Stools contained no bile, very faint tiace of uiobihn, and weie free of occult blood The 
prothiombin time was 80 per cent of noimal Uiine Faint trace of albumin, no sugar, 
concentrated up to 1,028 and had 2 to 3 plus bile, and urobilinogen i-io Blood Wasser- 
mann test negative Blood uiea nitrogen 12 mg per 100 cc , sugai 130 mg pei 100 cc , 
cholesteiol 300, and cholesterol ester 115 The icteric index was 81 and the bilirubin 
70 The van den Bergh was direct, piomptly positive 

Roentgenologic examination of the abdomen showed no evidence of radiopaque biliarj 
calculus 

The patient w'as prepared for operation with intiaAenous Mtamin K and bilron 
capsules by mouth A citrate blood transfusion w'as administeicd on the da> of operation 
OpLiation — Exploratoij celiotomy w’as peiformed, Juh 16, 1940, under etlnlene 
ether anesthesia An upper right rectus incision disclosed adhesions among the omentum, 
hvcr edge, gallbladder and peritoneum, which had to be sepaiatcd before further explora- 
tion could be peifoimcd Both lobes of the liver were markedly enlarged, firm, but 
smooth The gallbladder was large, tense, contained no stones, and 3ielded 150 cc of 
ln7A, white fluid on aspiration, cultuic of which was negatue In the region of the 
common duct was an elongated, irrcgulai firm mass with an adherent nodular mass, 
cAidcnth a mahgnancj The head of the pancreas was normal to palpation The 
common bile duct was cxjioscd abo^c the neoplasm and found to be dilated '\spiration 
of the duet m this aica jicldcd clear fainth 3 cllow -tinged fluid The diffeicnce between 
the fluids in the common bile duct and m the gallbladder indicated that the obstructue 
lesion of the common bile duct was cMdenth blocking the C3stic duct ObMoush, a 
eholeeestog istrostonn was not indieated and it was decided to explore the lesion further 
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This was clone by skeletonizing the common bile duct and poital vein A walnut-sized 
node was dissected away from the light lateral aspect of the vein near the duodenum 
(Fig i) The gallbladder was then mobilized, the cystic vessels tied, and the cystic duct, 
which appeared to be involved by tumor, was mobilized to the common duct The gall- 
bladder was then used for traction and better exposure It was then decided to perform 
a radical procedure and therefore, the common duct was severed about i cm above the 
entrance of the cjstic duct and, also, at a point below, wheie it enteied the pancreas 
under the posterior surface of the duodenum The gallbladder, cystic duct, and 6 cm 



Fig I — Dngnni illustrating findings at operation 

of the common bile duct were thus excised cit masse (Fig 2) A pea-sized node, which 
was palpated on the supeiior mesial aspect of the portal \em, was then removed 
separately 

A medium caliber T-tube was used for 1 econsti uction The lower limb was placed 
for a distance of i cm into the distal stump of the common duct A purse-string suture 
was placed around it through the pancreas and duodenum, with a suture through the 
tube and duct edge to keep it m place The upper limb of the T-tube was placed into the 
proximal end of the duct, the cut edge of which reached to the vertical limb of the tube 
Interrupted linen sutures were placed between the upper cut end of the duct and the 
duodenum, which brought the duodenum to it, folding the duodenum around the lower 
uncovered portion of the T-tube Two large lappets of omentum were placed around 
the anastomosed area to further pi otect it Iodoform gauze w'as inserted into the liver 
bed and a Penrose dram w'as placed down to Morrison’s space The wound w'as closed 
in laters 
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SubscqucJtt Course — The con\alescence was uneAcnttul The T-tube drained pro- 
fuseh and the jaundice became noticeabh less as earh as two dajs postoperatue Tlie 
eauze and Penrose drain were remo\ed on the sixth postoperatue daj, following which 
there A\as some slight, temporarj biliar\ leakage around the tube The patient Asas 
placed on Aitamms and bile salts, he receued seAeral transfusions and rapidh regained 
his strength On August 28 1940 43 dajs after operation, lipiodol AAas injected into the 



Fig 2 - — Sketch ot gallbladder c^stIC duct iMth tumor and common 
bile duct A\hich were remo\ed at operation 

T-tube tor purposes ot making a roentgenologic examination (Fig 3) This shoA\ed 
that the lipiodol floAAcd readih into the duodenum The upper limit of the T-tube filled 
prompth and lipiodol passed into the hepatic radicles The left major hepatic radicle 
appeared to be moderateh dilated There AAas perhaps slight dilatation of the right 
hepatic radicles The common duct shoAAcd a moderate dilatation doAAii to the tip of the 
loAAer limb of the tube Bejond this point the duct A\as normal m caliber The distal 
tAAO inches of the pancreatic duct A\as filled A\ith lipiodol bi retrograde Aoaa 

rolloAAing this procedure the tube AAas clamped off There A\as no leakage and the 
stools Avere broA\n The patient A\as discharged September 3 1940, 49 dais after 

operation 

Pathologic Examiuatwn — Dr Paul Klemperer Path No 71455 The specimen 
shoAA cd tile presence of an adenocarcinoma of the ca stic duct aa ith 1a mph node metastases 
The mucosa of the common bile duct A\as grossh unmAohed (Fig 4) 
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Follozv-Up — The patient showed a progiessive improvement for seven months after 
operation He gained in weight and strength and was well, except for a temporary 
peripheral neuritis of the legs and feet ivliich responded to thiamin therapy He also had 
pam m the left shouldet joint due to an arthritis, and roentgenologic examination of it 
and the spine showed no evidence of metastases The T-tube was kept closed and undis- 
turbed Theie was never any leakage aiound the tube His stools were normal and 
icterus did not leappeai Howevei, after this time, he commenced to slowlj deteriorate 


1 



Fig 3 — Roentgenogram after injection of hpiodol into rubber T tube Note 
prompt flow into duodenum Portion of pancreatic duct Msualized 


At first, anorexia and occasional right upper quadrant abdominal pain appeared Then 
weakness became marked, and he spent most of the time m bed The liver enlarged and 
became hard and nodular, obviously the site of metastases The patient became increas- 
ingly apathetic and died, June 8, 1941, about ii months after operation There was no 
postmortem examination 

Comment — Pninaiy carcinoma of the exti ahepatic bile ducts is, evi- 
dently, a rare condition, and carcinoma of the cystic duct is seldom seen at 
operation In a recent exhaustive leview, Stewart, Liebei, and Morgan^ 
collected 27 cases, as instances of primary caicinoma of the cystic duct which 
were abstracted fi om the litei ature These authors were unable to accept any 
of these cases, indisputably, as examples of cystic duct carcinoma It must be 
remembered that most of these cases were postmoitem studies, and, even if 
the tumor had arisen from the cystic duct, it was not sufficiently localized at 

144 


Volume 116 
dumber 1 


CANCER OF CYSTIC DUCT 


the time of examination to make its oiigin unquestionable In the above 
leported case early opeiatioii levealed localization of the piimary tumor to the 
lowei end of the cystic duct In spite of the shoit history, by the time the 
tumoi had blocked the common duct by extimsic piessuie and angulation, 
causing jaundice, legional lymph node metastases had already occuried 
That caicmoma of the extiahepatic bile ducts can occasionally be tieated 
by ladical suigeiy is well woith emphasizing, and is the mam leason foi pie- 



Fig 4 — Microscopic section of primary cystic duct infiltrating 

adenocarcinoma 


senting this case One of the most biilhant of the published cases is that of 
Gailock 2 His case was that of a small primary carcinoma of the common bile 
duct at the entrance of the cystic duct He was able to resect the gallbladder, 
cystic duct and a poition of the common duct, and then to peiform an end- 
to-end sutuie of the common duct over a T-tube This patient, although 
despeiately ill at the time of opeiatioii, lecovered and has remained well, with- 
out recurience, for almost three 3'^ears A cuisory review of the hteratuie 
indicates that, occasionally, similar successful results have been obtained 
Konjetzny,® foi example, presented a five-week result aftei ladical lesection 
of a common duct carcinoma Amberger^ published a one and one-half -yeai 
lesult after lesection of a common duct caicmoma, and mentions similar 
ladically opeiated cases of Kehr and Doberauei Renshaw^ found 20 cases 
of piimaiy caicmoma of the bile ducts m the Mayo Clinic material during 
the yeais 1907 to 1921 In two of the cases of cystic duct carcinoma, stones 
weie piesent m the gallhladdei One of the cystic duct cases was ladically 
and successfully opeiated upon, with anastomosis of the common duct over a 
T-tube, and lived foi three months 

Of paiticular inteiest in 1 elation to the subsequent management of the 
lubbei T-tube is a case lepoited b} Moschcowitz,® in 1912 While extirpat- 
ing an acutely inflamed gallbladder with stones, he found a caicmoma of the 
common duct and lesected it A leconstiuction was accomplished over a T- 
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lube, using the hepatoduodenal ligament and duodenum foi covering the tube 
However, he lemoved the T-tube on the twent3'-fifth postopeiative day, and 
a biliaiy fistula lesulted The case was piesented before the New Yoik 
Suigical Society at an early date, and the question was raised as to the neces- 
sity of peifoiming a hepaticoduodenostom}’^ The T-tube in the present case 
vas left seveiely alone No untowaid s3'mptoms lesulted, and it is evident 
that, unlike diainage tubes which are left in the uiinai3’^ tract, encrustations 
do not form Undoubtedl3’', the tube acted as a safet3f vahe pi eventing ob- 
stiuction fiom local recuiience and obviating stiictuie foimation by scai 
tissue lesulting fiom the defect m the common duct 

In summai3', it ma3' be stated that malignancies of the extiahepatic bile 
ducts should be tieated Iw ladical suigei3^ when possible even in the piesence 
of local l3unph node metastases, since excellent palliative lesults have been 
occasionall3'’ i epoi ted 
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RECURRENT VOLVULUS OF THE SIGMOID COLON 

AN UNUSUAL CASE REPORT 

Drury Hinton, M D , and Charles A Steiner, M D 

Philadelphi V, Pv 

Eiiology — Although volvulus of the sigmoid colon accounts foi less than 
I pei cent of acute intestinal obsti uctions, its high inoitality of 30 to 45 
pel cent makes it siugically impoitant It is laie in young people, and some- 
what moie common 111 males, piesumably due to a stiongei abdominal wall 
and smallei pelvis 

The most impoitant factoi m the etiology of volvulus is a long mesenteiy 
with a naiiow attachment to the posteiior abdominal wall The anatomy of 
the sigmoid, theiefoie, lendeis it moie susceptible to twisting than any othei 
pait of the intestinal tiact Inflammatoiy adhesions may inciease the nai- 
1 owing of the mesenteiic attachment 

Chionic constipation is a conti ibuting cause of volvulus The piecijiitat- 
ing factoi may he insignificant, such as change of position, exertion, 01 a 
pui gative 

Once the twist has occuiied, distention of the sigmoid, and latei of the 
bowel above, develops as a lesult of putief active piocesses togethei with the 
obsti action If the twist is complete with ciiculatoiy distuibance, rapid 
changes in the loop take place 

Syiuptoiiis — In an actual acute attack, the chief symptoms aie intei mittent, 
colicky abdominal pain located neai the obsti uction, vomiting, constipation, 
and iiici easing distention of the abdomen Tenderness and iigidity aie laie 
Tempeiatuie and pulse aie noimal Peiistalsis inci eases, and at times a mass 
may be felt in the left lowei abdomen 

If unrelieved, the pain becomes moie seveie, but disappeais uith the onset 
of gangiene Maiked distention of the abdomen, tenderness and iigidity ap- 
peal late, associated with necrosis of the bowel In some instances the abdo- 
men has a dial actei istic appeal ance, with distention at the sides and a gioove 
111 the centei Patients do not seem to become toxic as eaily with volvulus 
as ivith othei types of acute intestinal obsti uction 

Tieatmcnt — If volvulus is suspected 01 diagnosed roentgenologically, 
befoie the actual acute attack takes place, it is sometimes possible to abort it 
Ihe tieatment of acute volvulus is entiiely surgical Puigatives and enemata 
aie useless When possible, an effoit should be made to leain the state of 
the patient’s hydiation and geneial condition, dm mg ivhich time paienteial 
fluids may be admmisteied and some of the distention lelieved by Wangen- 
steen suction siphonage 01 a jMillei -Abbott tube 

lo facilitate the opeiation itself, spinal anesthesia is best Through a left 
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paiamedian incision, the involved loop is located, is untwisted, and a long 
lectal tube insetted into it manually thiough the lectum, to allow the passage 
of gas and liquid feces The loop may first be aspirated to facilitate untwist- 
ing Unless gangiene is piesent, this is all that is requned to relieve the 
immediate condition The rectal tube is allowed to lemain 

Procedures have been lecommended to prevent lecuirent attacks of vol- 
vulus Plication of the mesenteiy and fixation of the sigmoid to the parietal 
peiitoneum oi side-to-side anastomosis between the tw^o limbs of the sigmoid 
loop aie usually unsuccessful If gangrene is present and resection is not 
feasible, the segment may be bi ought out upon the abdominal w^all and ex- 
cluded, as m a Mikulicz piocedure, peihaps wuth a cecostomy in addition 
The consensus is that some type of resection of the sigmoid is the method of 
choice if the patient will tolerate the pioceduie In some instances of recui- 
ring volvulus, relief may be obtained by a lectal tube’^ passed into the sigmoid 
under diiect vision thiough a laige sigmoidoscope 

Case Report — J C , white, male, age 70, was first examined, March 14, 1934, 
folloivmg an attack of pain m the right lower quadrant The diagnosis lay between 
acute intestinal obstruction and a right ureteial calculus, which had been passed He 
was then well except for occasional slight pains and graduallj increasing constipation 
until October 17, 1935, when he developed severe cramp-like abdominal pain and was 
unable to evacuate his bowels with laxatives, enemata, cfc He suffered wnth a distended 
abdomen, increasing pain, and nausea He was admitted to the Delaware County Hos- 
pital, October 18, 1935 

Physical examination disclosed the abdomen to be markedly distended and tympanitic, 
and peristalsis w'as hyperactive, with moderate tenderness in both lower quadrants Dur- 
ing the next 48 hours little success was obtained 111 deflating his abdomen with the use 
of the Wangensteen suction and colonic irrigations Meanwhile, with parenteral fluids 
his general condition somewhat improved A roentgenogram showed the sigmoid and 
ascending colon to be greatly dilated, and the sigmoid unusually long and tortuous 
Gas was present m the small intestine 

Upon operation, October 21, 1935, a large distended loop of sigmoid was found 
filling the center of the abdominal cavity The junction of the sigmoid and rectum was 
encased m adhesions, and the sigmoid was twisted on itself, causing a volvulus The 
distal bowel was collapsed After freeing the adhesions and relieving the volvulus, a 
rectal tube was passed into the sigmoid through the anus Passage of a large quantity 
of gas and liquid feces relieved the distention The patient’s condition was so grave that 
the operation was concluded at this stage His postoperative course was uneventful, and 
he was discharged November ii, 1935 

For the next year and one-half he remained well, and controlled his constipation, 
with mineral oil On April 2, 1937, he was again unable to evacuate his bowels for 
several da>s, developed abdominal pain and distention as before, and was readmitted to 
the hospital When enemata and colonic irrigations proved ineffectual, the patient was 
placed in the knee-chest position, a large sigmoidoscope was inserted, and a rectal tube 
passed through it bv direct vision into the sigmoid A considerable quantity of gas was 
expelled The rectal tube was left in position for 48 hours, at which time the patient’s 
abdomen was flat, and he was discharged 

Since then he has had five similar episodes, each of which was relieved in a similar 
manner, without hospital admission Numerous minor attacks of distention without pain 
have in the interim been rehe^ ed by the assumption of the knee-chest posture at home 
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SUMMAKY 

This case is piesented to illustrate that theie ate occasional instances 
wheie chiontc volvulus may be lelieved by a nonsurgical pioceduie, which 
has been i epoi ted pi eviously ^ In desperate cases it can be considei ed as a 
substitute for operation oi as a method of piepaiation of the patient until such 
time as he can stand suigical intervention In oui patient, lelief has been so 
markedly effective that we have hesitated to recommend surgery in this case 
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Tiiu MOST FREQUENT complications in cases of fracluies of the pelvis and 
the hip giidle aie injuiies to the kidneys uieteis, bladdei, niethia and lectiiin 
A paiticulaily laie complication is injiiiy to the spinal membianes, with 
passage of the ceiebiospinal fluid into the soft tissues, which authois describe 
as “spill lous postticiumatic meningeal henna'’ ntennigocclc sptnaUs liau- 
inafua ipiii la 

\Ye have found in the litcia- 
tuie onl} tw'o lefeiences to such 
eases, similar in many clinical de- 
tails to the ease obseived by us 
In both instances aftei tiauina 
to the ])elvis oi the spine, the 
authois noted the appeal anee of 
a piotuberance in the sacioluni- 
bai legion, containing a fluid 
which, after closei examination, 
was found to be identical with 
the ceiebiospinal fluid 

In the case obseived by Chod- 
kow%’ aftei a gunshot wound in 

I.c of ti.c f. .cto.c iM.cd on iia ’TPei pait of the spine, in 

loentgenotram This, cliitriin sIioh-, distinctl> the line „ m ,1 p icro ^ of Iinfll 

of fracture of tlie first sacial tcrtebia, coiWicntlj age 21 , a paialyslS Ot OOtll 

innning along the sacral orifices lowei extl eillltieS 1 CSulted, W'ltll 

loss of sensation to touch, letention of mine and feces, liematuiia, and a 
piotuberance in the sacio-ihac legion Compiession of the tumoi caused 
symptoms of increased intiaeianial piessuie, such as headache veitigo 
nausea and biadycaidia In oidei to deteimine wdiethei the liquid found in 
the tumoi w'as connected with the subaiachnoiel space a lumbai punctuie w^as 
pel formed, and it was cletei mined that the piessuie w^as 125 Mm Piessuie 
exeited on the tumoi caused a veiy inaiked mciease of the piessuie of the 
ceiebiospinal fluid Examination of the ceiebiospinal fluid and of the fluid 
obtained fiom the tumoi showed then identit}'^ both moiphologically and 
chemically 

In the case lepoited by Schmidt,-’ a male age 40, fell, and w^as injuied m 
the coccygeal legion The loentgenogiam showed a fiactuie of the fouith 
lumbai veitebia, and a tumoi giving distinct signs of fluctuation was also 
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TRAUMATIC SPINAL AIENINGOCELE 


found On the basis of these symptoms the authoi diagnosed an injui> of 
the dm a, with effusion of the ceiebiospinal fluid thiough the laceiation 
caused by the mjuiy 

We shall desciibe oui case somewhat moie in detail, because of the gieat 
laiity of this type of fiacture and also because of the application of myelog- 
laphy m detei mining the site of iiijuiy of the meningeal sac and its communica- 
tion with the spuiious lieinia 

Case Report — A male, age 26, fell from a tree, about ten meteis high, stiikmg 
the ground m a sitting postuie, without losing consciousness aftei the accident 

He was taken home, where he remained three weeks without medical caie and 



Fig 2 — Exposure immediately after an intiathecal injection of 
2 cc of 40 per cent lipiodol, showing the passing of globules of 
lipiodol along the line of fracture of the sacral bone and gatheiing 
within the protuberance, descending into the intragluteal furrow 

Without any therapy He developed a severe headache, wdiich continued for five weeks, 

although somewhat ameliorated 

Aftei thiee w'eeks the patient tried to get up but could not stand on his feet He 
did not notice any disturbance in urination, but complained, how^ever, of constipation and 
pains dm mg defecation, which he localized m the uppei part of the lectum The patient 
had a moie severe headache wdien 111 the upiight position, wdiich he localized in the 
frontal legion He could not stand long When standing, distinct fibrillations of the 
gluteal muscles, thigh, and the light leg could be seen In attempting to walk he com- 
plained of pains in the light paiasacial line While w'alkmg he performed an adducting 
iiiovenient wutli the light extremity The whole right limb show'ed muscular atiophj 
of a small degree, the right gluteal fuirow' was shallow', and somewhat lowered The 
patient was able to maintain his cciuilibnum onh by leaning on the right foot 

In the cocevgeal region a piotuberance could be seen, particularlj on the right of 
the median line, about 13x11 cm in size, descending low into the intragluteal furrow' 
The skin o\ei the protuberance w'as somewhat stretched but otherw'ise unaltered In 
the area of the protuberance distinct ballottement could be determined Examination bj 
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rectum revealed an elastic protuberance on the posterior wall, and the finger entered 
between two oblong fragments of the sacral bone 

Microscopic examination of the urine showed many white blood cells, phosphate 
crystals, and abundant bacteria Spermatozoa were not found Bacteriologic examina- 
tion of the urine, both microscopic and on culture, showed B coli 


Fig 3 



Fig 4 

Fig 3 — Exposure rune dxjs ifter the intnthecal 
injection of lipiodol The lipiodol has formed three 
larger globules in the loner part of the protuberance 
Fig 4 — Profile exposure showing the lipiodol gather 
ing at the let el of the last coccygeal vertebra and also 
beneath it 

Neutologtc Status — The cerebral nerves and the upper extremities showed no 
changes The obdominal reflexes were, ambilaterally, present 

The lower extremities The muscular tonus was, ambilaterally, normal Adduction 
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of the right lower limb, both active and passive, was impossible because of pains m 
the region of the joint of the right hip The motor power was normal The knee and 
Achilles reflexes were present and equal The muscles of the right thigh were sensitne 
to pressure, sensation was undisturbed, with the exception of a narrow band of hyperes- 
thesia on the right buttock 

Chromocystoscopy showed no changes in the bladder, and no disturbances m the 
excretion of dyes 

Roentgenologic Examination — This revealed a longitudinal fiacture of the sacral 
bone on the right side Otherwise the bones of the pelvis showed no changes (Fig i) 
A lumbar puncture and a puncture of the piotuberance were perfoimed Both fluids weie 
somewhat xanthochromic The fluid obtained from the protuberance contained some- 
what more albumin, probably due to stasis Otherwise the two fluids, both morphologi- 
cally and chemically, were identical 

After an injection of 2 cc of 40 per cent lipiodol, a roentgenogram was immediately 
taken Roentgenograms were also made two and nine days later, 111 the anteroposterior 
and lateral planes It can be distinctly seen on the roentgenograms how small globules 
of lipiodol pass through the line of fracture of the first sacral vertebra, and then along 
the anterior orifices of the sacrum, that is, along the line of fracture of the sacral bone, 
and gather to form a more or less solid mass within the protuberance descending into 
the intragluteal furrow (Fig 2) After nine daj's, the lipiodol was noted forming four 
larger globules in the lower part of the protuberance, and a piofile roentgenogram 
showed the gathering of the lipiodol at the level of the last coccygeal vertebra and also 
beneath it (Figs 3 and 4) 

At the time of severe headaches, the patient was given sedatives and also strong 
hypertonic solutions intravenously to counteract edema in the central nervous system 
The patient’s condition improved very lapidly Eight weeks after the accident he was 
able to walk quite normally, and has no other complaints, other than the headaches, 
which recur paroxysmally The protuberance in the lumbar region diminished slowly, 
the skin over the protuberance, previously extended, can be made into a crease Being 
of the opinion that the aperture in the dura would close spontaneously, the patient, after 
spending five weeks at the Clinic, was sent home, and was told to return after three 
months, for a follow-up examination At that time, five months after the accident, the 
protuberance in the sacrococcygeal region had disappeared entirely, and the patient had 
returned to his usual work as a farmer, complaining only of some sensations m the right 
parasacral region at the site of the fracture 
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Case Report — R B , coloiccl, male, ape 39, 'was admitted to Citj Hospital, Jamiar3 
~ 3 , 1940, complaining of abdominal pain of three daj^s’ duration The patient had been 
m good health until the onset of the present illness Ihc pain began in the suprapubic 
icgion and graduallj' became generalized over the whole lower abdomen It was a dull 
aching type of pain Theie was a mild disuria associated with the onset of pain Twelve 
houis before admission he developed nausea and vomiting, and trom that tune on the 
pain seemed to be moi e severe 111 the 1 ight lower quadrant This persisted until the 
tune of admission Past Instoii levealed that he had develojied a urethral discharge 
thiee months before, which was due to a balanitis This cleared up with treatment 
There w'as no other historj of gastro-intestmat or genito-unnarv distuibanccs 

Pliysicol Exaiittiialion — The iiatient was a well-developed and quite obese man, 
appealing acutelj ill Temperature 39°C pulse no, blood pressure 132/96 The abdomen 
was moderatel}' distended There was tenderness and muscle spasm over the whole lower 
abdomen, most marked in the right lower quadrant Tlieic was marked rebound tender- 
ness No masses could be palpated Ihe genitalia vvcie normal Rectal e'saniination 
showed marked tenderness of the pelvic peritoneum White blood cell count 19200, 
hemoglobin was 96 pei cent Ihe urine showed albumin -r sugai ++++, acetone 
++++, and a few pus cells Blood sugar lev'el 283 mg /too cc , with a caibon dioxide 
combining power of 43 cc /too cc Clinical Diagnosis Diabetes mellitus, with acidosis 
and peritonitis, probablj due to appendicitis Diabetic therap> was instituted parenteial 
fluids were administered and the patient exploied four hours later 

Opciafion — Under spinal anesthesia, the peritoneal cavitv was opened Free pus 
was encountered The appendix showed only a pei lappendical inflammation A firm 
mass could be felt in the anterior abdominal wall, in the midline It w'as exti apeiitoneal 
and just above the bladder There was a perforation from the mass into the peritoneal 
cavitj In removing the mass, it vv'as found to be firinlj’' attached to the bladder, and to 
be attached to the umbilicus bj a thin cord-hke structuie The bladder was opened 
during this procedure , it was closed and the abdomen closed with drainage The patient 
was quite sick for several daj^s following operation, and the vv'ound di allied profusely The 
diabetes was difticult to control during this time, but was easilj" controlled as the infectious 
process subsided He was discharged on the nineteenth postoperative daj 

Examination of the specimen showed acute and chronic inflammation, with sinus- 
tract formation The evst lining w'as almost completelv destiojed bv inflamimtioii No 
communication between the lumen of the cyst and the bladdei could be found 

Comment — Although this is a lare condition nevei theless, it should be 
thought of in cases of peiitonitis of obscure oiigin In this case, the onset of 
pain in the suprapuhic legion and the accompanying dysuiia giv^es a definite 
lead to the diagnosis The physical signs "w Inch may have been present early 
wei e masked by the signs of peritonitis 
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SPONTANEOUS AMPUTATION 
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moM 'liu nn oi stiicrn-i thf unx\fiisity oi rochfbtfr bcnooi or miduim \m> uiNTifaTui, 

nOCllESTFn, N Ti 

Ordinarily, the onset of a gangvenous piocess anywheie in the body will, 
of itself, cause a peison to seek medical aid Theie aie, ceitainh, \eiy few 
localities in this coiintiy so isolated as to pi event a patient fiom obtaining 
help, if only fiom neighbois That a woman living and woiking in a laige 
city should toleiate a gangienous foot foi six months until it fell off, tliiough 
sloughing, IS almost inci edible Such a case, how'evei, has lecently been 
seen by us 

While ai tei losclei otic gangiene of the toes, the foot, and even of the entiie 
leg IS not unusual, the unmtei i upted piocess going on to a spontaneous am- 
putation at the ankle is quite laie in this countiy 

Case Report — RMH No 169826 K female, age 74, employed as a liousc- 
niaid in an old apartment house On September 21, 1940, she was brought to the emer- 
gency department of the University of Rochestei Hospital by the police A gangrenous 
foot covered with small maggots, and of vile odoi, was also brought wrapped up in an 
old new'spapet 

With some difficulty hei story was finall} pieced together She had had no previous 
trouble with hei extremities aside from an injury to the light foot 12 years befoie At 
this time she had dropped a heavy box filled wuth metal on the external aspect of the 
ankle She was lame foi several weeks, but had no further difficult) until December, 
1939 She then noted that the entire right foot below' the ankle would get cold and 
numb, and was frequently discolored when she had been out in the cold Thiough the 
succeeding wintei months the foot assumed a purple hue and steadily became darker It, 
apparently, caused but little pain, as she continued working and icfused to become upset 
about the change By April, six months before being brought to the hospital, the foot 
had become "just like leather” from the ankle dow'ii While she was unable to beat 
weight on it due to some discomfort, and due to instability at the junction with the 
normal tissue, she continued at her work around the apartment house She spurned 
canes and clutches and got around by supporting herself on the back of a chair She 
frequently used the affected foot to balance herself 

About one week befoie entry, she noticed that the gangrenous foot had become much 
loosei, and that theie w'ere some breaks in the skin aiound the edges Moderate swelling 
of both legs below’ the knees de\ eloped For the first time she began to notice a dis- 
agreeable odor and the presence of maggots about the lesion The jiart rapidh became 
looser, until the daj before admission wdien it fell entirely awa\ from the stumj) except 
foi “scecial strings in the skin and one ‘leadci’ the size of a pencil” As it was then 
impossible foi her to put on shoes and stockings and go about hei work, she called the 
janitor of the building and had him sever the few remaining connections with his razor 
She then applied hidrogcn pei oxide to the stump This was the onh medication 
e\er used except for some “liniment” she had applied to the part sporadicalh The 
IKiliec weie notified b\ another tenant in the building and thej brought her to the hos- 
pital wheic she was admitted despite her protests She was rather indignant o\cr the 
lOiKcrn and interest which hci condition elicited 
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The past history revealed only the usual childhood diseases, moderate dyspnea on 
exertion for ten years, and nocturia for several years 

Physical Examination showed an elderly woman with definite senile cerebral changes 
She was thin, weak, verv pale and very dirty Scabetic lesions, maggots, and lice were 

Fig 1 




Fig 2 

Fjg I —The granulating stump 
Note^the - 'V.th the 

.„.c. „„ he, Jr’Vhe .e..h w. it etrat .""t 

r ea.a"S': - .e« t. - 1 

m„r Tte abdominal, pelv.c and rectal exammations were normal There 
glandular enlargements 
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The stump of the right leg was for the most part co\ered b} gianulations The 
ends of the tibia and fibula weie partially eroded, but, as can be seen from tlie accom- 
panying photograph (Fig i), the articular suiface of the tibia was, m places, still 
intact The end of the fibula extended only to a point 2 cm above the end of the tibia 
The granulations were quite redundant elsewhere, but of good color There vas a 
small, superficial, necrotic area in the skin i cm in diameter, which lay about 3 cm 
above the end of the stump 

Laboi atoi y Data — The most significant was the anemia On admission, the R B C 
25 millions, WBC 7,800, hemoglobin 70 Gm Urine showed only 2 WBC per high 
power field She was given a small transfusion which brought her R B C to 2 8 millions, 
and a second one bringing it to 3 17 millions She was also given iron by mouth Blood 
proteins were a trifle low — the albumin being 2 94 and the globulin 2 82 Chlorides were 
604 milh-equivalents The fasting blood sugar was 135 mg pei cent, and the glucose 
tolerance test was normal Cholesterol was 163 mg per cent, and the CO„ combining 
power was 47 

Her hospital course was relatively uneventful Twenty dajs after admission a 
supracondylar amputation was performed under spinal anesthesia This height was 
selected because the vessels below the knee were shown to be inadequate by oscillometry 
She ran a moderate fever foi the first three postoperative days, and had some increase 
in the basilar rales She was given hyperventilation and a short course of sulfathiazole , 
and her resulting stay was uncomplicated The stump healed by first intention On her 
eighth postoperative day she was given instructions m crutch walking She remained 
quite sullen, and would not cooperate in the least m learning to walk, so was tiansferred 
to a county institution on her tenth postoperative day 

On May 29, 1942, the patient was still alive and performing part of her original 
duties at the apartment house She refused all further medical attention She is able to 
get around with the use of one crutch 

A review of the liteiatuie brings to light veiy few similai cases, though 
they, too, are frequently as bizaire as this One famous case was that of 
Rookei,^ which occur led 111 a 14-yeai-old boy who had a fractuie of both 
bones of the pioximal poition of the foiearm While under obseivation, 
gangrene of the entire light arm up to the shotildei gndle developed 
Sloughing at this joint eventually occuiied spontaneously, with the formation 
of a satisfactoiy stump 

Often, m children, spontaneous amputation occuis aftei the onset of a 
“spontaneous gangiene” This, in turn, has usually followed an infections 
process elsewhere in the body Fiequent foieiunners of spontaneous gangiene 
aie tubeiculosis, diphtheria, less often scailet fever and iheumatic fevei A 
cai eful anal3^sis of these- has established the fact that the gangi ene may be due 
to embolism, autochthonous thrombosis, or even to an endaiteritis in which 
spasm of the vessels is pi eminent Often several areas aie similaily involved 

In adults, one of the chief causes of spontaneous amputation is thiombo- 
angntis obliterans, although usually only the phalanges are involved How- 
evei, seveial 3’^eais ago xve saw a middle-aged male with Bueiger’s disease 
with gangiene of the whole foot except for the heel As there was no infec- 
tion and no bieak in the skin surface he w^as followed conserx ativeh in the 
hospital foi five weeks until sloughing started The piocess w’as then inter- 
lupted b) lemoving the foot This was accomplished \er} simply b} cutting 
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thiough the joint capsule of the ankle and dissecting off the intact skin of the 
heel, and folding it anteriorly to covei the end of the stump This end-result 
was entiiely satisfactoiy It is unwise, in Buergei’s disease, to amputate the 
leg when the gangi ene involves only the foot and not the heel ^ 

Even moie exceptional than in Bueiger’s disease is the occurrence of 
spontaneous amputation due to arteiioscleiotic changes While fiequent losses 
of toes and fingeis are cited, theie is no previous leport of a case in which a 
majoi spontaneous amputation has taken place, although this eventuality is 
fi ecjuentl)'- suggested 

The moie customary, and fai fiom unusual, couise of events in arteiio- 
sclerotic disease is foi amputation to be pei foi med before actual sloughing of 
the gangi enous aieas has started Then, too, if spontaneous amputation is to 
occui, the denial cation must be right at a joint Otheiwise the bone Mill 
prevent loss of the part until it is eroded through by chionic infection 

The ]ii egression of such a case of ai tenosclerotic gangi ene could scaicely 
OCCUI 111 a person with othei than the peculiai phlegmatic make-up which this 
patient pi esented Indeed it \\ as only against her wishes that she was bi ought 
to the hospital aftei the foot was off 

Seveial factois evidently prevented the onset of acute difficulties eaihei 
Pai amount, perhaps, ivas the fact that she maintained an intact skin suiface 
up until the last sevei al weeks Othei wise the onset of an infection would have 
piecipitated some action on hei pait, oi would have called the attention of 
others to her eailier Secondly, attei the skin bieak occurred with inevitable 
infection plus the large amount of necrosis, it is likely that the maggots were 
beneficial m cleaning aM'^ay the dead tissue connected to the granulating stump 
Even when she first came into the hospital the granulations were healthy A 
third significant factor in her case, which peimitted the spontaneous amputa- 
tion, oi rathei the disai ticulation, to go on, rvas that the demai cation took place 
just at the junction of the astiagalus with the tibia and fibula 

SUMMARY 

A case of spontaneous amputation of the entire foot is cited in a 74-year- 
old woman The undei lying disease was aiteiioscleiosis , and the time neces- 
saiy foi the piocess was about six months 
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SIPHON DRAINAGE FOR SUPRAPUBIC CYSTOSTOMY 


O A Nelson, M D 
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During the last i8 months we have used foi patients with supiapubic 
cystostomy a siphon drain which has woiked so well that laiely has the mine 
soiled the diessings Consequently, excoiiation of the skin and malodoi fiom 
decomposing uiiiie aie pi evented Such a condition makes the convalescing 
peiiod more pleasant foi the patient, and attended by less suffeimg than when 
he IS soaked m mine 

The use of the siphon also seems to 
piomote healing of the incision, and to 
deal up the bladdei infection much eai- 
hei than when the stagnated mine is 
allowed to lemaiii m the bladdei Fm- 
theimoie, nuismg caie and diessing ex- 
penses aie veiy gieatly i educed In fact, 
the supiapubic incision is diessed only 
eveiy day oi two In no instance have 
we seen nutation to the bladdei, oi any 
othei haim, come fiom the use of this 
appai atus 

The employment of a siphon foi blad- 
dei diainage is not new It w^as de- 
sciibed by Chiene,^ in 1876, and by 
Boyd,” m 1936 Duiing the last 25 
}eais we also have tiied to use a siphon 
diain wuth a fluid tiap, but the diainage 
w^as not satisfactoiy until we splinted the 
pait of the tubing foiming the tiap wuth 
a metal coil, and used a laige cathetei 
and laige lubbei tubing 

The appai atus consists of 

(1) A soft-bulb Pezzai Cathetei Nos 
30 F 01 32 F (Bald, Inc, of New'^ Yoik make a cathetei excellent foi this 
pm pose ) 

(2) A lubbei tube seven feet long, of ; 4 -”idi diametci the wall of which 
should be 3/32-incb 

(3) A metal coil at leabt six niches m diametei on the inside to go o\ci 
the 1 ubliei tubing 

(4) A laige glass connection to connect the catlietei to the lubbci tubing 

The siphon is set up as follow s 

Aftei the above ai tides aie stenh/cd the Pe//ai cathetei is placed just 
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inside the bladdei The rubber tubing is filled with sterile water, and all an 
expelled The lubber tubing is connected to the catheter, and the metal coil 
passed over the distal end of the tubing Then the coil is placed some inches 
below the bladdei (preferable arrangement is to clamp it on the bedrail) 
Cai e must be taken not to place the coil too low, so as to cause too great suc- 
tion, and pain to the patient Caie must also be exeicised not to allow an to 
be sucked into the diainage system at the bladder or connection It is well 
to tie both the cathetei and the tubing on to the glass connection If there is 
foimation of urinaiy piecipitate, the tube should be irrigated every day or twm 
but mucus or pus does not clog the drainage system 

After suprapubic prostatectomy, we use the siphon as follows 
The supiapubic diain is left m place until the urine has been entirely 
clear foi several days Then a No 22 F , three-eyed, open-end catheter is 
placed through the urethia, and the siphon system attached to the cathetei To 
hasten the healing of the suprapubic fistula, the bladdei is distended once a 
day by injecting fluid thiough the cathetei After the bladder has been healed 
four or five days, the catheter is removed 

Practically all of these patients leave the hospital, with the suprapubic in- 
cision healed, m from 16 to 20 days aftei the enucleation of the gland 
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AN INTRAPERICARDIAL TERATOMA AND A TUMOR OF THE 
HEART BOTH REMOVED OPERATD'ELY 

Clvude S Beck, MD 

Crr\ir\x», Ohio 

FROM THE DEP\RTMtNT OF SURGhR\, « ESTI KN KPSFRXE UM^EUS1T^ SND 
EMNFRSIT'i IIOSPITAIS, CLn\ El \M), OHIO 

I should like to lepoit two lesions of the heait and peiicaidium The 
patients presenting these lesions wTie lefeiied to me by Dr Haiold Fell 
to whom I am indebted because they foim the basis of this lepoit 


INTRAPERICARDIAL TER\TOMA 

Case 1 — This patient was a \vhite male, age 22 Complaints when admitted to the 
Unnersiti Hospitals, June 25, 1934, were fever, weakness and pain m the cliest 
The patient had been well until Februaiy, 1932, when his symptoms first appeared 
He was admitted to the Mt Sinai Hospital, Cleveland, in Octobei, 1932 At that time 
the cardiopericardial silhouette was enoimously enlaiged (Fig i), and 280 cc of 
bloody fluid wcie removed fiom the pencauiiai cavity bj aspiiation The fluid was 
examined for tubercle bacilli but none w'ere found Signs of se\eie cardiac com- 
picasion were present Cardiac compiession w'as lelicved by the removal of fluid 
but recuried after each aspiration The temperature fluctuated bctw'ecn 38° and 395° C 
Improvement occutred during the month m the Jiospital but after one month at home 
he was readmitted because of the rccuiience of symptoms Aspiration (presumablj 
of the pericardial cavity) yielded 500 cc of chocolate-coloi ed fluid A large, en- 
capsulated, cyst-like outpouching of the pencaidium appeared, with a smaller en- 
capsulation just abo^e it (Fig 2) The aiea of encapsulation was punctured by a 

needle but nothing w'as obtained Ihc patient liad episodes of feier in 1933, but then 
improved and was at school during the fiist half of 1934 In June he developed fever 
again and was admitted to this hospital The temperatuie was 38° to 39° C The 
venous pressure in the aim was 14 eni of vvatei The arteiial pressuie was 110/70 mm 
inercuij Cvanosis, shortness of bicath, palpitation of the hcait and enlargement of 
the liv'ei, which had been piesent interimttentlv in the jiast were not present when 
admitted to the hospital Roentgenogram of the chest was about the same as in 
Figure 2 A slight prccoulial bulge was present to the right of the sternum 

Fust Opiiahou — The fourth right costal caitilage was removed A structure 
which was considered to be parietal pencaidium was incised It was 3 to 4 mm in 
thickness This incision opened a evst containing 300 cc of material which looked 
like watei mixed with eoagulated volk of egg Tlie evst was walled-off from the general 
perieardial cavitv, which was not opened At the base of the evst the contour of the 
right amide and the right ventricle was seen The evst was emptied and washed 
witli solution of sodium chloiide The margin of tlie incision in tlie evst was sutured 
to the pcctoial muscle uid the wound was loosdv closed without drainage Some 
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Fig I — Cirdiopericar 
dial silhouette is greatlj 
enlaiged Bloody fluid was 
removed by aspiration 
The heart was compressed 
(October, 1932) 



Fig 3 — Lateral view ot ciicst 
show ing mass along right boi dei of 
the heart (1936) 



Fig 2 — Roentgenogram 
taken January, 1933 
Chocolate colored fluid, 
500 cc removed by as 
piration Cyst like out 
pouching of pericardium, 
with a smaller mass just 
above it developed on the 
right side 



. i 



Fig 4 — A swelling appeared to 
the right of the sternuni (Match 
193S) 




he 5 — Roentgenogram March, 1038 The 
wall of the cyst shows deposition of calcium and 
some reduction in size 
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fluid seeped trom the wound into the dressings foi thiec days, but the wound liealcd and 
there was no furthei diainage Examinations of smears of the material weie reported 
to have shown bactena but none w'ere growm and guinea-pig inoculation did not show 
tiibeiculosis 

For the next two years the patient was improved, then his symptoms recurred Doctoi 
Fed leported that, in Septembei, 1936, the eenous pressure in the arm was 21 cm 
of water Lateral \iew of the chest showed a mass extending along the right \en- 
tricle, right auricle and vena cava (Fig 3) This episode of cardiac compiession w'as 
liansient and he again improved until March, 1938, when he de\ eloped a swelling in 
the legion of the operative scar (Fig 4) He w^as readmitted to the hospital The 
temperature w'as noimal The venous pressure was 12 cm of watei No ascites 
No enlargement of the liver Roentgenogram of the chest is showm in Figure 5 

Second Opetahon — The scar of the original operation was excised and the mass 
was opened Hair w'as found in the contents of the cyst The cyst contained 350 cc 
of yellow' fluid and masses of amorphous material The cyst w'as emptied and its 
lining w'as washed with a solution of sodium chloride In the base of the cjst the 
outline of aorta and pulmonary artery was seen The wall of the cyst w'as then 
excised by sharp dissection It was dissected from aorta, pulmonary arter}', vena ca\a, 
right ventricle and right inferior pulmonary vein It w'as densely adheient in the 
legion of the great transverse sinus At one time, wdiile the dissection was carried out 
over the superior vena cava, the patient suddenly stopped breathing but started again 
aftei about one minute Silver clips, ligatures and transfixion sutures weie used foi 
hemostasis The cyst was completely removed (Fig 6) I had the impression that 
the w'all of the cyst was fused with the parietal pericardium Our aitist’s interpieta- 
tion of anatomic relationships is showm m Figure 7 The w'ound was closed w'lthout 
drainage 

The patient w'as placed in an oxygen tent Convalescence was uneventful and he 
W'as discharged from the hospital tw'O w'eeks after operation 

Pathologic Examination — The cyst wall show'ed squamous epithelium, sebaceous 
glands, sw'eat glands and hair follicles In some of the sections endometnuin w'as found 
and epithelium resembling that of the upper and lower gastro-mtestinal tiact Smooth 
muscle, normal fat and lymph follicles w'ere also found There was no evidence of 
malignant change Pathologic Diagnosis Cystic teratoma The appearance September, 
1939, IS shown in Figure 8 The patient has remained entirely well, four years aftei 
operation 

A thorough search of the hteratuie on this subject has not been made 
111' 1933, Hedblom^ reviewed the literature on mtrathoracic deiinoid cysts 
and teratomata, and referred to three instances of intrapencardial lesions 
One additional case was found since this report was made King- refers 
to a report by Somohnos'^ which I have not obtained 

SYNOPSIS OF REPORTS OF FOUR INSTANCES OF 
INTRAPERICARDIAL LESIONS {From the Liieraitirc) 

Reported b> ToCP This patient i\as 1 bo>, age 14 There r\as no clinical liistorj Nccrop";! 
examination showed a tumor, the size of a hen’s egg, inside the pericardial caaiU The tumor had i 
smooth, glistening surface It a\as attached to the pulmonarj arterj, aorta and the heart It was 
denselj adherent to the pulmonary arterj and penetrated the wall of the arterj into its lumen The 
mass oaerlaj the left coronarj arters and the left atrium, and contained gelatinous material, fat 
Hmph nodes, smooth muscle, cartilage and calcium deposits It was classified as a teratoma 

Reported b\ Alouat-' This patient was a male age 17 He was well until one scar before death 
The patient de\ eloped a mild fever, a cough and later on edema and ascites The clinical diagnosis 
was tuberculous nodes in the mediastinum obstructing the superior and inferior venae cavae 

Necropsj examination showed an infected dermoid tumor in the mediastinum The pericardial 
sac was greatlv enlarged, but when this sac was opened it contained a large amount of pus from 
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^^hlch streptococci were grown It also contained >ellow fatt> masses and long hair The heart was 
embedded m the thick posterior w'all of the c%st, and there was no sign of an> pericardial sac The 
c>st appeared either to haee grown from the pericardium or in its growth to ha\e become ecr\ 
completely adherent to it 

Reported bj Grimm'’ The patient was a child, age three months Tliere was no clinical historj 
except a provisional diagnosis of idiopathic hjpertrophv of the heart Roentgenograms showed an 
enormous shadow in the mediastinum Necrops> exainination showed a broad fluctuating tumor which 
filled the anterior aspect of the chest, both lungs being pushed posteriori) The mass had a thin 
membrane as a wall, md appeared milkv in coloi Inside the mass a light colored lipoid fluid was 
found The bent was inside the mass and was of norm il sire, shape and position Theic was in 



I ir 8 — Appeal nice one jeat aftei oiieiation Note the silvei clips in the 1 itei il view The 

cardiac silhouette is noi mal 


nitmute issoei ition between the adventiti i of the great vessels and the miss Ihe tumor w is lobul ited 
with small oiange sired giowths of semicvstic coiisistcncv There weic numerous pea sired C)stie 
compartments On section, these weie found to be multilocul itcd c>sts witli islets of homogenous tissue 
In some of the c'sts there was a seiiiisolid mateiial that looked like jiarboiled tapioca In others i 
biainlikc subst luce was found Bactei lologic studj showed no giowth Microscojne e\amination 
showed glial cells, choroid plexus skin, sebaceous glands, sweat glands, muscle, mucous glands, 
cartilage, intestinal tiact and liair follicles The pericardium was milk like in color but smooth and 
glistening No evidence of m diguancv The author leportcd this case as one of intia]iericardial 

teratoma The relationship between the pericardium and wall of the c\st is not clear from the 

description 

Reported bv Jcllen and ITshci' Ihe patient w is a white female, ige three weeks Cough and 
dvspnea were present since biitli When six elavs old the child had convulsions During the second 
we-ek attacks of ejanosis appeared V ]iresuniptiv e diagnosis of idiopathic hjpertrophv of the heart 
w is made An aspirating needle inserted into the mediastinal mass viclded nothing and i diagnosis 
of tumor was nude iSecropsv exaiiiiu ition showed a mediastinal mass within the peric irdial sac 
The pericardium ovei the mass was grav and thickened hen the pcrieardium was opened a tumor 
mass, 5 cm in diaiiietei w is exiiosed It was firmlv adherent to parietal iierieardiuni itid to the 

wall of the right ventricle, to the right auiicle, to the great vessels and the transverse aorta It 

overlav the bifui cation of the trachea The pericardial sac coiitamcd _o cc of clear veliowish fluid 
rile heait was not enlarged and was hanging from the mass as a small appendage The mass v as a 
inultilocular evst Micioscopic examination showed various tvpes of epithelium choroid plexus 
smooth muscle cartilage and glandulai structures resembling piiicicas riieri was no evidence of 
nialigiiancv 

Discussion — It would aiipeai that deinioicl and iciatoniatous Ic^ioiin 
Nitualcd within the paiietal peiicaidiuni aie of laic occuiienct The lela- 
tionship between paiictal pciicaiduim and tlie wall of the e_\ st w.is not elcar 
in an\ of the case'^ lepoited It would appeal th.it the paiietal pencaiduiin 
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ma\ become an unclistinguishable part of the wall of the cyst These lesions 
can pioduce acute or chronic compression of the heart They may become 
infected Operative removal of the lesion was successfully accomplished m 
the case herewith reported It would appear that operative lemoval is the 
only method of treatment 

TUMOR OF IHE HEART, LEl-T VENTRICULAR M'^ALL 

Ihis patient was a white male, age 39, who complained of shortness ot breath 
brought on by exertion, and a sense of constriction across the left side of the chest 
He had been well until six years ago when these symptoms appeared ^t first, the 



Fig 9 — Roentgenograms of the heart Diodrast r\as injected into a vein at the left elbo« 
(a) The innominate lein, the vena cava, and the pulmonarj arter> are shonn The tumor does not 
appear to communicate with an> of the cardiac chambers It is not an aneurysm Calcification of 
the wall IS present (b) The right side of the heart wall is well visualized 

symptoms were mild but they increased m seventy so that the patient had difficulty going 
to his office These symptoms disappeaied after he rested and they never came on while 
lie was at rest, and suggested sclerosis of the coronary ai teries as the probable cause 
The past history contained little of note He had had typhoid feter from which 
he narrowly escaped death There was no histoij'- of rheumatic fe\er, ttibeiculosis 
diabetes or asthma He had been quite active athletically as a jouth, without am 
discomfort or any sjmptoms The general phj'sical examination, except the heart, 
was essentialb' negative The skin over the face and neck showed scars of severe 
acne A.n occasional extrasv stole was noted There were no cardiac murmurs The 
arterial piessure W'as 120/72 mm mercury The electiocaidiogram showed slurring of 
the QRS complexes and slight left axis deviation There were no additional changes 
brought out bj" exercise Doctor Fed carries out fluoroscopic examination of the heart 
as a part of his routine examination In this patient fluoroscopic examination led to 
the correct diagnosis Special studies with diodrast were undertaken bj Dr Eugene 
Freedman Figure 9 shows the tumoi in the heait The left innominate vein, the vena 
cava, the right atrium, the right ventricle, the conus arteriosus, the pulmonarj' arterj 
and the aorta can be identified The tumoi had a calcified wall It did not fill vv'ith 
diodrast, and the pulsations of the lesion, as indicated bv' the kvmograph film, were 
transmitted and were not expansile The lesion, therefore, was not an aneurj'sm I 
believed that we were dealing with a benign lesion of the heart — a tumor of some kind 
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perhaps a dermoid I also belie\ed that this lesion produced the sc mptonis and, c\eii 
though there was no precedent in the literature to support nn attitude I acKocatcd 
operation 

Operation — September 7, 1940 The third and fouith left costal cartilage'; were 
lenioved The pericardial cavitj' contained a somewhat increased quantitc of clear 
slight]}’’ yellow’ fluid The lesion m the heait was found It was covcicd be epicardium 
It could just be seen in oui cxposuie (Fig 10) Most ot it was embedded m the nno- 
caidium but it did produce a bulge of about one 01 two cenlimeteis fiom the geneial 
eontoui of the ventricle An aspirating needle was mtioduced into it but nothing could 
be obtained Tw’O sutuies w'ere placed m the wall foi ti action and lotation Con- 
sideiable subepicaidial fat w’as found around the base of the mass Ihis was dis- 
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Fig 10 — Appcii nice of the tumor nftcr opening of the p irittnl pcncnrduim 

sected from the wall Ihe descending lamus and tlic circumflcN raniu-> oi the leit 
eoronar\ arter\ were 111 this iat \ branch from the descending raniu'; jienetrated the 
'\all of the lesion This arter\ was cut and ligated I had the inipres'^ion that these 
arteries were displaced b\ the lesion Sharp dissection was used to separate the wall 
ot the tunioi from the heart muscle The two tissues were sealed intimateh together 
and blunt dissection, most probable would hue torn the meoeardium fit is sui - 
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pnsinglj' easj" to teai thiough the myocardium into the cavity ot the heart) Sharp 
dissection was continued to the place shown in Figure ii It appeared to be too much 
of a risk to continue fuither without knowing the natuie of the tissues between the 
tumor and the cavity of the ventiicle The lesion was opened The wall was calcified 
and was from one to thiee centimeters in thickness The content was an amorphous 
material, homogeneous, with a consistency of packed claj" It was dark brown, and 
weighed 140 grams This mateiial was lemoved by currette and by washing with 
sodium chloride solution Theie was no connection with the cavity of the heart nor 
could a week area be found bv palpation The calcified wall was dissected from the 



heso' va.mu.s> 
lett Covonax'y 


Fig II — Subepicnrdi il tumor of the left \entncle l>ing between the two branches 
of the left coronary nrter\ Traction sutures hold the tumor awa\ fiom the mjocarduirn 
Simp dissection was used up to this stage of the operation 

mjocardiuin by sharp dissection It was conipktelj’- lemoved (Fig 12) The bed con- 
sisted of c^anotlc muscle Digital palpation of the muscle was not carried out to de- 
termine how thick 01 how strong it was Ihe parietal pericardium was brought to- 
gether bv sutures The wound was closed w'lthout drainage 

The patient made a satisfactory postoperatue recoceiy The electrocardiogram 
taken immediately aftei operation show'ed the T-wa\e in lead i to be imerted and 
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S-T in leads i, 2, and 3 to be slightly elevated Six days after operation, \entriculai 
extrasystoles weie noted These disappeared two days later The pulse rate ranged 
from 100 to 130 for several days aftei opeiation Over a period of one month it came 
down to about 90 The patient was dischaiged October 7, 1940 He was worried about 
his condition aftei he left the hospital He frequently counted his pulse He became 
stronger and found that he could make the tiip to his ofiice witliout shoitness of breath 
The feeling of constriction acioss the left chest disappeared Tlie electrocai diogiams 
became entirely normal The patient appeals to be cured 



Fig 12 — The wall of the tumor is incised It was calcified The contents were 
removed by curette Complete dissection ivas then earned out successfulh 

Pathologic Examination — Di Howaid Kaisner “The wall of the cyst shows nothing 
indicative of true neoplasm It is simph' a capsule of connective tissue, the interior 
aspect of which is necrotic and calcified Chemical examination of the cheesy content 
of the cyst showed no iron The lipid content detei mined on a specimen dried to 
constant weight and weighing 441 giams vas as follows Total fat 1325 per cent, 

cholesterol 6 45 per cent It was estimated that the same quantitj’’ of dried whole 

blood would contain total fat 359 per cent, cholesterol 081 per cent The chemical 

examination gives no specific infoimation because as fai as can he learned theie is 

nothing known of the composition of a hematoma aftei it has been pi esent a long time ” 
CoMMFNF — Before opeiation I thought this tumoi might be a deimoid 
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but we found no hair or other recognizable tissue in its contents It had a 
calcified wall which did not show any epithelium or foam cells It was not 
a xanthoma The contents of the lesion had the consistency of packed clay, 
and between the gloved fingers it felt greasy We cannot classify the lesion 
except to say that it does not appeal to be a true neoplasm 

The question comes up as to whether an aneurysm ^\lll develop at the 
site of this lesion I have carried out experiments for the puipose of producing 
aneurysms of the left ventricle In these experiments a sphere of metal 
was introduced into the left ventricle by way of the auricle The metal ball 



Fig 13 — These roentgenograms appear to be normal, 18 months after operation 

^\as held firmly in position and pressure Mas applied to it through the myo- 
cardium The myocardium could be crushed in this way between finger and 
metal The metal could be seen through endocardium and epicardiurn An 
aneurysm did not develop m these experiments In other experiments the 
myocardium Avas sliced ava}, and in these experiments the parietal peri- 
cardium grafted itself upon the cvound and an aneurysm did not develop 
In this patient I should expect the parietal pericardium to become adherent 
to the myocardium at the site ot the lesion and I should not expect an 
aneurysm to develop The appearance i8 months after operation is shown in 
Figure 13 The patient has been completelv lelieved of his s3nnptoms and 
appeals to be cured 

I considered placing a fiee graft ot parietal pericardium over the tiinioi 
bed, as illustrated m Figure 14, but felt that the parietal pericardium Mould 
become sealed to the tumor bed without placing such a graft Recently I 
applied this method in the treatment of an aneurj^sm of the left ventricle 

DISCUSSION ON TUMORS OF THE HEART 

A considerable literature exists on tumors of the heart Most of these 
tumors are malignant and oftei little or no possibilitv foi surgical reIno^al 
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Fig 14 — A fiec gnft of pauetal pericaidmni might bt ippliect to the he ii t 
for the puipose of lemforcing a weakened aiea such as might occui aftei tlit 
lemoval of a tumor or after myocardium has been se\eiel> biuiscd Ihis pro 
ceduie might pieaent rupture of a ventricle 01 the foimition of an incuijbiii of 
the heait 



Fig is — P hotograph of the heart sho\Mng the tumor hanging thiough 
the mitral orifice The tumor \%as attached ba a slender jiedicle (Courtesa 
of Drs Dexter and Work ) 


171 


CLAUDE S BECK 


Annals of Surgery 
August 19 4 2 


Some of the malignant tumors possess pedicles that act as ball-valves in the 
mitral and tricuspid areas ® Even if such obstructive lesions could be re- 
moved the tumoi ould continue to grow However, there are some benign 
tumors of the heait that seem to offei possibilities of surgical removal I 
1 efer to the fibi omata oi myxomata that arise from the lining of the auricles 
and occlude the auiiculoventricular orifices One of these is illustrated in 
Figure 15. taken fiom an article by Dexter and Woik^ This tumor was a 



Fig 16 — Drawing of nijxonia attached by small pedicle to lining of left auricle The inset 
shows the tumor lifted from the atrioventricular orifice The pedicle was one centimeter in diameter 
Removal of this tumor b> operation seems to be within the realm of possibilit> (Courtesj Institute 
of Pathology, Western Reseive Unuersitv Cleveland, Ohio) 


myxoma and oiiginated fiom the subendothelial connective tissue of the 
endocaidium of the left side of the atrial septum and had prolapsed into the 
orifice of the mitral valve, where, doubtless, it acted as a ball-valve, preventing 
the free flow of blood from the left atrium into the ventricle The tumor was 
a pear-shaped lobulated mass which measui ed 4 5 by 4 2 by 3 5 cm The 
tumoi was attached by a pedicle and the small end of the tumor hung tw'O 
centimeteis below the valve ring The tumor w'as soft and gelatinous An- 
other myxoma of the heait is illustiated in Figure 16 The left auricle w^as 
completeh filled with an iiiegulai nodular mass which protruded into the 
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ati loventi iculai opening The mass was soft and jelly-like It was attached 
to the auricular wall by a pedicle one centimeter m diametei Weakness 
appealed two years before death The left auricle became dilated Cnculatory 
failure developed The clinical diagnosis was iheumatic heart disease and 
initial stenosis This patient showed embolic phenomena, and infarcts of 
spleen, kidneys, lungs and biam weie found These two cases appeared in 
Cleveland within a peiiod of five yeais Pei haps they aie not so lare A 
fibroma of the heait vas lepoited by Houck and Bennett^*’ This tumoi 
obstiucted the initial orifice into which it protiuded and out of which it could 
be displaced It nas attached to the septum by a pedicle five nnlhmeteis m 
diametei It was edematous, soft and jelly-hke It was not invasive The 
tumor measuied 45x4x3 cm Strouse^^ repoited a somewhat smnlai 
tumoi in the 1 ight am icle , a mj^xoma, attached to the septum, and measuring 
8 X 10 X 10 cm This patient was inteinnttently well and ill, as though 
the tumor intermittently obstiucted tbe cii dilation The tumoi was soft, 
jelly-hke, and was not invasive Anothei similar myxoma of the left auricle, 
attached to the septum, measuiing 35x4 cm, was lepoited by Bennett, 
Komgsbeig and Dublin It had a lubbeiy consistency, was 1 datively 
avasculai, and was not malignant 

No doubt othei similai benign tumoi s of the heait could be found m the 
hteratuie It would appeal that the coiiect clinical diagnosis of a benign 
lesion of the heart, with the exception of my case, has not yet been made 
during life, and none of them have been operated upon It seems to me that 
these soft, jelly-like, benign lesions arising fiom the endocardium could be le- 
moved by operation It might be possible to lemove them in much the same 
way as the neurosui geon lemoves a soft glioma of the biain by means of 
stiong suction It does not appeal to be impossible to insert a glass suction 
tube into the amide foi this puipose It might even be possible to open the 
auricle and take out the tumor We knov that the circulation can be stopped 
for a period of three to five minutes without inflicting permanent damage to 
the brain The great veins to the heart might be occluded foi a few minutes 
It IS hoped that the method developed by John Gibbon,^'*’ of Philadelphia, 
might be applied to these suigical problems Gilibon’s method consists of 
lemoving venous blood, oxygenating the blood and delivering it to the biain 
under piessure The heait has been taken out of the cii dilation foi as 
long as 42 minutes in the cat, with lecover} This method seems to have 
gieat piomise for the future 

While no other benign lesion ol the heait has been lecognized clinically 01 
opeiated upon, it should be mentioned that Shelbuine^'* took one step toward 
the surgical treatment of a malignant tumor of the heait A coirect clinical 
diagnosis was made by Shelburne, and this appeals to be the first time that 
this has been done foi a piimary malignant lesion of the heait Hemorrhage 
into the pericardial cavity took place m this patient and the blood vas evac- 
uated b)"^ opeiation None of the tumor vas lemoved 
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SUMj\IAU\ 

A Ccisc of inHapeiicaidial leiatoma is lepoitcd Thcie are only a few 
cases leported in the liteiatnre Tins appears to be the fiist and only case in 
wdnch the lesion was lemoved by opeiation The lesion \vas completely re- 
moved, and the patient has been cured 

A case of a tumoi-hke mass located in the \vall of the left ventricle is 
leported The identity of the lesion has not been established Tt was piob- 
ahly not a tuie neoplasm This appeals to be the first time that a benign 
lesion of the heart has been lecogni/ed clinically, and the only case m which 
the lemoval of the lesion has been earned out The patient has had a good 
lesult, i8 months aftei operation '\.n aneui>sm of the left ventricle has not 
developed Benign tumoi s of the heai t w ei e discussed m i elation to the 
pi oblem of i emoval A method of grafting a segment of pei icardium or fascia 
lata upon the ventricle to lemfoice the weakened area and to prevent the 
lormation of an anueivsm is illustiated 
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POSTOPERATIVE THROMBO-EMBOLIZATION 

The Platelet Count and the Prothrombin Time After Surgical 
Operations A Simple Method for Detecting Reductions and Ele- 
vations of the Prothrombin Concentiation (or Activity) of the 

Blood Plasma 

Shepard Shapiro, M D , Benjamin Sheravin, M D , 

AND 

Harry Gordimer, M D 
Nfw York, N Y 

FROM THE DEPARTMENT OF SURCERA, LINCOLN HOSPITAL, KIRB\ DWIGHT, MD, DIRECTOR, 

NEW YORK CITY, N T 

It has BEEN DEMONSTRATED that postoperative thiombosis and embolism 
may be prevented by the use of the anticoagulant heparin ^ Because this 
substance possesses certain objectionable features, such as its cost, the neces- 
sity for continued intravenous administration, and adverse reactions in some 
patients, it was considered possible that othei anticoagulants might, under 
certain conditions, be moie prefeiable 

In a recent series of publications, K P Link, and his associates,^- " 
of the Wisconsin Experiment Station, revealed an outstanding work m which 
they isolated, identified, and synthesized the causative agent of the hemorrha- 
gic “Sweet Clover Disease of Cattle This substance -3, 3' methy- 

lenebis (4-hydroxycoumann) — m adequate dosage decreases the coagula- 
bility of the blood m vivo by reducing its piothrombin level (or activity) 
Before applying this mateiial as a possible prophylactic agent against postoper- 
ative thrombo-emboli it was desirable to investigate, first, the coagulability of 
the blood and paiticularly the prothiombin times during the postoperative 
periods 

Changes in the clotting mechanism of the blood, as expiessed by altera- 
tions in the platelet count, after surgical opeiations and parturition, have 
been demonstrated by Hueck,^^ and Dawbarn, Earlam and Evans They 
showed that there is initially a temporary reduction m thrombocytes, fol- 
lowed on 01 about the sixth day by a more or less sharp rise, after which the 
count graduall}'^ lecedes to normal on the tenth to the fourteenth day It 
was emphasized that most of the fatal cases of thrombo-embolization occurred 
during this interval of thrombocytosis 

We have lepeated these studies m 23 patients aftei surgery and, m addi- 
tion, have studied the piothrombin time of the plasma 

Complete blood counts weie made at least every third da} The platelet 
count and coagulation time and the plasma prothrombin time were estimated 
daily, except Sunday 

The technic for estimation of the pi othrombin time was that described by 
Link, and his students (based on the single-stage method of Quick^®), ex- 

175 



SHAPIRO, SHERWIN A.ND GORDlMEi; 


\rinals ot Suigerj 
V II Hist 194> 


cept that Russell snake-vipei venom^‘‘>^^ was substituted for the thiombo- 
plastm-calciuni chloride mixtuie, as prepared by Link, and his coworkers'** 

Briefly stated, the method is as follows Four point five cubic centimeters 
of fleshly drawn venous blood are added to o 5 cc M/io sodium oxalate 
Clear plasma is obtained by centrifuging One-tenth cubic centimeter of 
plasma is added to o i cc of venom and placed m a constant temperature 
bath for five minutes To this is quickly added o i cc M/40 calcium chlor- 
ide, which has been kept at the same tempeiatuie, and the time elapsing 
before fibiin clot foimation is noted with a stop-watch The same procedure 
IS then lepeated with o i cc of 25 pei cent plasma in place of whole plpsma 

Dilution of one part of whole plasma rvith tin ee parts normal salt solution 
permits of a cleaily detectable and satisfactorily reproducible end-point It 
has been found that, m man, highei dilutions, especially when the prothrom- 
bin time IS consideiably piolonged, often do not 

It has been found, with this method and using venom, that the average 
difference between the piothiombin time of whole and of 25 pei cent plasma 
obtained from appai ently normal individuals is about ten seconds f It has 
been found also, that prolongation of this diffeience occuis wdien the pro- 
thrombin level (01 activity) of the blood becomes 1 educed below^ normal, 
and that shoitemng of this diffeience takes place as the concentration (or 
activity) of piothiomhm m the blood increases A state of hypeipiothrom- 
binemia is, theoietically, a possibility It appeals that a lessening of the 
diffeience, as levealed in this method below that obseived in normal plasmas 
might indicate such a condition 

This leporl emhiaces the above detailed studies on 23 postoperative 
patients 


DATA 

Results On the firtit to about the fourth day aftei suigical operations 
the platelet count w^as 1 datively deci eased in eight of 23 cases Commencing 
about the fifth 01 sixth day, and as late as the fouiteenth day postoperative, 
an increase in the ciiculating tin ombocytes was observed in 15 cases, varying 
in degree fiom about one and one-half to about twice the count prior to the 
time this elevation commenced The duration of this platelet rise w'as vari- 
able, the shoitest being two days and the longest a foitnight The coagula- 
tion time, as estimated b}^ the three-tube method of Lee and White,^® show'^ed 
little deviation from the noimal (Chait i) 

* In the present senes venom was used exclusively In a subsequent stucfi the 
thromboplastm-calcium chloride mixture of Link, et al * is being used 

** This applies when 4 enom is used It has been found that 12 5 per cent plasma is 
better suited for this estimation when Link’s thromboplastm-calcium chloride mixture is 
used 

T Each laboratori should determine this value by the particular method used 
the technic described, the arithmetic mean has been found to be 10 =; sec and the stand- 
ard de\ lation s d ±2 4, the minimum 7, and the maximum 16 5 
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In foul of the postopeiative patients iiho showed a fall in the jilatelet 
count after operation (and seven otheit. uho did not) there uas also obsened, 
concomitantly, an extension beyond that seen in noimal plasma of the dif- 
ference between the prothiombin time of uhfile and of 25 pei cent plasma 
This latter was due, in most pait, to a gieatei pi elongation of the 25 pei cent 
plasma prothrombin time m relation to that of the whole plasma When the 
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Chart i — The platelet count, coagulation time and prothroni 
bm times of a case, illustiating the initial fall in platelet count 
and Its subsequent rise on the seventh (7th) d 11 after opeiation 
The coagulation time (Lee and White method) changed slighth 
The Widened initial difference in prothrombin time between whole 
and 25 per cent is shortened sinuiltaneoiisb with the thronibo 
c\ tosis 


circulating thiombocytes mci eased, this diffeience shoitened due, chiefly, 
to a reduction m the 25 per cent plasma piothiombm time This ^\as noted 
in 14 cases, in thiee of which, howevei no significant alteiation 111 the platelet 
count occuiied In thiee cases, in \\hich the diffeience fell to below three 
seconds on tw^o successive days thiombophlebitis was found to be present 
and in tw^o of these, pulnionaij infaiction occuired No change in the blood 
counts w'as obseived wdneb could be con elated with the alterations m the 
platelets and piothrombin tune desciibed abo\e fChait 2) 

Discussion — The precise mechanism responsible foi the initial fall m 
the platelet count following suigical operations is not clear Anesthesia is not 
the cause, for w^e have detected it aftei local as well as general naicosis 
Others ha^e made the same obsei\ations It has been suggested that an 
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agent is liberated ^^hlch depi esses the thrombocytes along with other constit- 
uents of the blood, including the pioteins ^-> The concomitant prolongation 
of the prothiombin time suggests similar inhibitory effects upon the forma- 
tion or activit} of prothrombin This hypopi othrombinemia may be con- 
trolled by Mtamin K administration None of the patients of the piesent 
series had received vitamin K 
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The explanation tor the subsequent thrombocyte and piothrombm incieasc 
IS lacking It is important to point out the paiallehsm that appeals to exist 
between these t^^o coagulation bodies — platelets (thromboplastin) and pio- 
thrombin Whethei othei i elated factois such as fibiinogen similaih in- 
crease IS non being investigated 



HOOMi 
35 QM 
300 M 
25cnj 

200^1 — .L.a... I I r f I I , , I I , , 

oec ee R3 eq 25 26 27 28 29 DO 3! I 2 3 M 5 6 7 

TiHE IN DAYS 

+■■+ £5/ PLASMA PROTHROMBIN TIME IN5ECONOS 
OtmO U/WOLE plasma PROTHROMBIN TIME IN SECONDS 

ammo piatclet count in thousrnos 




•o* 


* 0 * 


* 0 * 






a 


9 


10 


CitAR"^ 2 — Illustrates nnrkecl slioitcning bctucen whole and as iiei cent pHsim 
piothrombm times immediateh preceding piilinoini} infarction which occurred on 
December 27 The dosages noted — 400 and 300 mg on December eS, and 29 re 
spectivch arc of 3, V iiiethjlenebis (4 hydro\%coumai in) gnen nralh Note effect 
upon the prothioiiilnii IctcI (or actmtj) 


Oul findings, and those of pievious noikeis,^“ ’ coiiespond in lespcct 
to the Ihiombocytes Theie is some lack ol agi cement between the coagula- 
tion times as obsened In us and those of Daw bain, Eailam and E\ans’ 
and this is to be explained by dilleiencc in metliod They used a Csipillaiy- 
tube method, hence then specimens of blood might have been contaminated 
bv tissue juices', which aie known to possess coagulating pioperties In any 
e\ent as estimated by the method at hand, the wfiiole blood coagulation was 
not appi cciably^ alteied beyond the limits of noimalcy 

The diileience in piothiombin time between that of whole and 25 pei cent 
plasma appeals to be significant Noimalh' theie is in the blood an excess 
of piothiombin beyond that needed foi noimal coagulation’*’ The extent 
of this excess seems ^allable in ceitain diseased states (luei) although undei 
appaiently noiinal conditions it is constant within the limits detectable b\ the 
method used here The whole blood piothiombin time lemaining within 
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normal limits and the difference iiici easing, the indication appears to be that 
the excess only is being depleted while the basic essential normal prothrombin 
level (or activity) is being maintained However, should the whole plasma 
prothrombin time also show progressive prolongation it would signify that 
this plasma piothrombin content (oi activity) was also being reduced and 
might be appi oaching a hazardous level * 

An inveise lelationship between the difteience m piothiombm time be- 
tween that of whole and of 25 pei tent plasma, and platelet count, is demon- 
strable in those postoperative cases in wdnch alteiations in the number of 
ciiculating thiombocytes was obseived In othei wmrds, the prothrombin 
concentration (01 activit) ) and the platelet count increased pan passu Pro- 
thi ombin does not have its 01 igin in the platelets noi is it necessarily influ- 
enced by thiombocytopema occuiring undei othei conditions It appears 
that the tissue of oiigin of piothiombm (livei f') and of the platelets 01 the 
megakaiyocytes aie siinilarl}^ affected aftei suigeiy 

The data indicate that these substances (piothiombm and thioinboplas- 
tm) wdnch take pait in the piocess of coagulation of the blood increase in 
concentiation and/oi activitv commencing about the sixth day aftei opera- 
tion This IS the interval when the incidence of postopeiative thrombo-em- 
bolization is gieatest-^ It is believed that there is casual relation between 
these two events The finding that the concentiation (01 activity) of pro- 
thiombm is gieatest (as shown by the shoitest diffeiences between the wdiole 
and the 25 pei cent plasmas) in those instances in wdnch tin ombo-embolic 
phenomena had taken place, might also be intei preted as indicating a possible 
lelationship between tliese events Whethei tlieie actually occuis a hypei- 
pi othi ombinenna leinams to be tuithei demonstiated It is also not known 
wdiethei the change in the blood Aessels piecedes the inci eased prothi ombin 
level (01 activity) 01 tollows it The mechanism of blood coagulation involves 
several reactions Although these overlap the process of blood clotting is, 
neveitheless, continuous and piogiessive Hence, inhibition at any one stage 
stops all the succeeding leactions Thus, the indication for a theiapy wdnch 
IS capable ot limiting the coagulations of the blood in such a mannei becomes 
appaient The substance 3, 3' methylenebis (4-hydioxycoumarm) prevents 
or inactivates piothiombm in man-*^’-^ If this can be administered wnth 
adequate safety, and so that the extent of its action can be^ piedicted w'lth 
some appi oximation, it might pi ove appi opi late as a pi eventive against post- 
operative thiombo-embolization, especially m view of the finding that the 
prothrombin level (01 activity) appeals to be inci eased at the time that 
thiombosis occurs It does not appear necessaiy to admmistei anticoagulant 
theiapy to evei} patient after suigerj as a loutine measure, foi the incidence 
of postopeiative thiombo-embolization is about one per cent of majoi surgical 
cases 

^ This IS especiallj important in following the effects of dicoumarin therapi 
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The pioceduie being followed by us is as follows Piothioinbin estima- 
tions are made daily aftei suigen In those instances in uliich the diffeience 
between whole and 25 pei ceni plasma prothiombni time becomes piogies- 
sively shoitened to below six seconds foi tw^o successive days, the dicoumarm 
compound is given Its eftect is obseived by following the piothiombm 
times (Chart 3) 



««P***^**o« 



TinE IN DAVS 

■t-Mi-e *5/ PLASMA PBOTHPOMBIN TIME IN SECONDS 
OtmO WHOLE PLASMA PftOTHPDMBlN Tlf-LE IN SECONDS 
oaato concuiATiON t/me in minutes 

+««+PEATtlAr COUNT IN IHOUSMNOS 


Chakt 3 — IllubtiatiiiK the effect of loo ing dailj 
by mouth for six successive da>s conintencing on the 
second day after operation of 3 3' inethjlencbis 
(4 hjdroxycoumaiin) Theic were no complications and 
no thrombophlebitis in this case 


CONCLUSIONS 

Evidence is piesented which confiims the findings ot pievious obsei\- 
ers, ^ that the platelet count ma} be (i ) low dining the fiist thiee to five 
days, and (2) elevated commencing about the sixth to tenth day and con- 
tinuing foi fiom two to 14 days aftei suigen 

It has been found (similar to lepoited obseivations^'-^) that the piothiombm 
concentration (01 activity) ma) be low, nntialh aftei operation 

In 14 of 23 cases the piothiombm level (01 activity) was found to in- 
ciease, iisuall) coiicomitanth . with the thiomboci tosis occuning on the sixth 
to tenth dai following opciahOn 
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In three cases of postoperatiie thrombophlebitis (two of which also had 
pulmonary infarction), the prothrombin content (or activity) was highest of 
all the cases examined The suggestion is offered that this increase in coag- 
ulating substances in the blood is related to the development of postoperative 
intravasculai thrombotic iDhenomena 

Studies aie being made to deteimine the safety and cfficac> of 3, 3' ineth)- 
lenebis (4-hydiox}Coumarni) as (i) a pi ophj lactic against postoperatn e 
thrombo-emboli/ation , and (2) as a tieatmcnt ot venous thrombosis and its 
t omphcations 

Ihe authors desire to cxpiess tlieir thanks and appreciation to the tollowiiig for 
suggestions and helpful ad\icc 111 the prothrombin studies Professor Karl Paul Link, 
Dr Mark Arnold Stahmann, Dr Harold “k Campbell, and Dr Ralph Overman 
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Hazel, of the Abbott Laboratories, and Dr K K Chen, of the Eh Lilly Co 
Miss Frances Kaufman gave technical assistance 

The authors wish to thank the following for finaneial assistance Dr Kirbj Dwight, 
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THROMBOSIS AND GANGRENE OF RIGHT ARM, 
ASSOCIATED WITH POLYCYTHEMIA VERA 
ITS RELATION TO “EFFORT THROMBOSIS” 

William B Swvriley, M D , S D vna Weeder, M D 

AND 

Edwvrd Fr vncis McLvughlin, M D 

PlIILADFIPIIH, Pa 

An unusual c\se ib heiewith lepoited both because of its own particular 
inteiest and because it bungs out the occasional!)^ overlooked association of 
a general disease with a local vasculai change Despite its larity the case 
has piactical applications 

Case Report — Hosp No ii/O/ E T F, white male, age 76, was admitted, 
January 29, 1940, to the Chestnut Hill Hospital, complaining of numbness, tight stiffness, 
and achmg in the right arm The present illness began eight days before admission, 
when he noticed these sensations along the inner side of the arm but had no great 
discomfoit or concern till foui days later, wdicn redness and sw'elling ensued, which 
extended above and below^ the elbow' \ red streak could tben be traced halfway to 
the shoulaer Hot wet diessings of magnesium sulphate solution w'ere applied, without 
effect however 

The onlv othei complaints w'ere occasional piccordial pain and some discomfort 
from an ulcer m a discolored area above the right ankle There w'as also some discharge 
from an old scar on the right foot He gave a history of having had typhoid fe\er 
and “intermittent fe\er” at age 26 A paitial amputation of the right foot had' been 
performed for an injiirv 43 ^ears ago His familv and social historj had no bearing 
on his present condition 

Physical Examination — Tins disclosed a somewhat red-faced, elderly male, sur- 
prisinglj w'cll preserved for his age Temperature 08° F, pulse 94, respirations 24 
Blood pressure 108/96 His right arm w'as sw'ollen and reddened from the shoulder 
to the hand 1 he pulse at the W'nst W'as good 1 he arm did not feel hot No enlarged 
axillaiy nodes were palpable huithcr examination w'as negative, except that the legs 
exhibited brow'iiish pigmented areas above each ankle, an ulcer being present on the 
1 ight The right toot had been partlv amputated, and the stump had an open area in 
the seal Pulses w'ere not palpable in eithci leg below' the popliteals Clinical Diagnosis 
Thrombosis or cellulitis of right arm, geneial artei losclerosis, particularlv marked m 
the legs 

Com sc — On the day follow'ing admission a blood examination showed Hb i6fJ per 
cent (265 mg f, R B C 5,750,000, WB C 10,500, P 86 per cent, L 8 per cent, M 4 per 
cent, and E 2 per cent Repeated frequently, specimens being taken from various sites, 
the hemaglobin and red cell values vv'ere alvvavs well above normal, the highest heniaglobni 
value being 175 per cent (2-9-’4o), and the highest red cell count 8,350,000 (2-12-40) 
The onlv platelet count (3-6-’ 40), was normal (358,470) 

Wet dressings of a saturated solution of magnesium sulphate were applied for the 
first two days, but the swelling progressed to the shoulder and neck (Fig i) The 
diagnosis of pobcvthemia veia being tentatively made, a medical consultation was asked 
At this time the rignt arm was vvatni and the radial pulse full and bounding There was 
no tenderness Swelling was present, with pitting on pressure Blood pressure was 
approximatelv the same in both aims There w'as bulging of the supraclavicular fossa 
and the overlvmg skin was more duskj than on the opposite side The sternal end of 
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the right clavicle appeared to be pushed foiward Thcie was fullness and dnninution 
in breath sounds in both the supi aclavicular and suprascapulai legions A film cord- 
hke structure was felt and seen in the supiaclaviculai legion extending up the neck 
(Fig 2) which did not pulsate No Hornei’s sjuidrome was noted 

The possibility of a sulcus tuinoi obstiucting venous and bniphatic diainagc w'as 
entertained, which raised the question of interfeience with pulmonary ciiculation as the 
cause of the change m blood count A. roentgenogram (1-31-40) show'ed no tumor, 
aneurysm 01 sclerosis of pulmonaiy vessels 



- —I 

III 

Fig 1 — S\\elling of inii, sliouUlei niul neck in 
eirly stage of condition 

Fig 2 — “A firm cord like stiucture is felt in 
the supracIaviciiHr region extending iiji the neck’ 
— the cxterinl jugular vein 

Fig 3 — Enrh signs of i\et giiigieiic in hind 


IV 



Fig 4 — Progiession of i\et gangrene up 
fore irni 

Fig 5 — F'nll extent of giiigrenous process 
Fig 6 — Apimrnice iiiinudnteU iftci 

opention 


The sw’elhng piogiessed, the upper light quadrant of the chest wall and the light 
side of the neck being involved Pulsations at the right wrist were still felt but etidenee 
of early wet gangrene (Fig 3 ) began to make their appearance 111 the hand On 
2-7-40 phenj Ihydrazme hydrochloride was begun and continued one week Notocain 
injections into the cer\ical sympathetic ganglia weie gnen (2-7-40 and 2-9-40) in 
an attempt to combat vasospasm and piomote xasodilatation in the collateral circulation 
witli little success General suppoitnc measures wcic of course being used eontimioush 
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Sterile dressings and dry heat were applied to the riglit hand and arm, but the gan- 
grene progressed steadily, first involving fingers then hand and forearm (Fig 4) The 
initial edema and cyanosis of the chest evall, supraclavicular fossa and neck gradual!} 
lessened On 2-i4-’40, Dr Hugh Montgomery felt the gangrene to be due to venous 
and lymphatic blockage Oscillations recorded bv him showed pulsation to be excellent 
in the uninvolved part of the right arm, demonstrating the freedom from mvohement of 
the upper arterial tree He suggested culturing of fluid from the blebs which was done 
and showed (i) Hemolvtic and nonhemolvtic Slaphylococms aioctis (2) Nonhemo- 
l}tic Staphylococcus albus (3) Nonhemolytic streptococcus (the organism usuall} found 
associated with lymphatic blockage) He also suggested reducing the blood count to 
normal b} phenylhydrazine or bleeding This drug was again ordered and gnen for 
two days, then discontinued Bleeding w'as not done, localization of the gangrenous 
process already hi\mg begun, and sw'elling receding elsew'here 

With this localization of the gangrene, the patient began to improve generally, and 
from the surgical standpoint it was felt that amputation was inerutable but should wait 
upon the establishment of a clear line of demarcation 

Various laboratory procedures w’cre carried out during the waiting period klost 
of the lesults were within normal limits Urine show'ed no er}throcvtes or casts and 
was otherw'ise negatne Blood chlorides were low' (391 mg per cent on J-i3-’4o) the 

only time taken Clotting time (2-5-’4o) w'as three minutes FragIllt^ test on the same 

day show'cd heniohsis beginning at 048 and complete at 036 Blood urea was i? mg 
per cent, blood sugar 100 mg per cent and the Wassermann and Kahn negatne 

The gangrenous process had arrested itself at midtorearm (Fig 5) In 3-30-’40 6() 
days aftei onset On that day with the patient under gas-ether anesthesia an incision 
was made following the line of demarcation in the niidforearm, going through all soft 
tissue dow'ii to the bones By so doing a flexor surface flap was made Bleeding w is 
eopious (just proximal to the line of demarcation) from both the ladial and ulnai 
arteiies, which were (.lamped and tied Periosteum on both laduis and ulna was raised 
and stiipped upward and both bones were sawed through at the junction of the uppei 

and middle thuds of the arm The remaining bleeding ^essels weie ligated and the 

lower flap was turned up and sew'u to the upper bv a few' through-and-through sutures 
of silkworm gut (Fig 6) The patient stood the operation well and had a fairh smooth 
postopeiative course There w’as some infection of the stump, but ot a nonvirulent and 
well localized type It took about 12 w'eeks before healing was comjilete Generalh the 
patient was defimtel} impro\ed aftei the amputation His blood count three da\s later 
showed Hb 78 per cent RBC 3,910000 where a week befoic it had been Hb iii 
per cent RBC 5170,000 It remained at this low'er le\el until discharged (4-29-’4o) 

Examination of seeered hand and lower arm showed geneial tissue neeiosis and 
thrombosis of veins and aiteries as well as some perivascular inflammatori changes 

Follow'iiig discnaige the patient attended the Clinic and his aim as stated giadualh 
healed No evidence of the recent iinohement remained in the upper arm The cord- 
likc external jugulai had returned to normal The swelling and eianosis in the 
shoulder and chest had disappeared He did hare soiiie more trouble with his leg uleeis 
howerer Also, the stump of the right foot seemed more open but m general he was 
m excellent condition 

In the course of a few more weeks the blood count again reached its tonner high 
level and he w'as readmitted to the hospital (8-2-40) At this time his spleen was 
definitely enlarged and palpable Sudden death occurred (8-3i-’4o) At autopsy, the 
following significant findings were noted (i) Coronary thrombosis with m}Ocardial 
infarction (2) Bone marrow' showing err throblastic hvperplasia (3) Splenic enlarge- 
ment ( t) A rrell healed stump of the right foreaim Patlwlooic Dwgno'us i Polr- 
crthemia rera 2 Coronarr embolism 
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lib 7 — R^^llal artei> ami \ein Note ilnioit complete oi g iiiuation or thrombus in \tin whili 
arttr\ still shows some unoiganizrcl clot in its lumen rhis points to the \cnous origin of the process 
and the retrograde course of the clotting 

Fig 8 — ImoUemeiit of smaller veins in the complete thrombosis is seen These are on the periph 
cr> of the radial aein and while probablj not true vasa aasoriini ma\ hate received the flow from 
those vessels The small arterial channels are all parth open (loose clot mav have been washed out) 

Fig 9 — Definite subacute and chronic inflammatory reaction in tissue adjacent to arterv and vein 
rile apparently open Ijmph spaces are really fat cells whose contents have been dissolved Few really 
open hmph spaces are visible 
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Discussion — Thiombosis it. not at all unusual as a complication of poly- 
cythemia veia (Vaquez’s oi Oslei’s chsease) In fact, about one-third to 
one-half of the deaths ascribed to this disease aie tiaceable to thromboses of 
mesenteric, ceiebial, coioiiaii oi othei ves&els But the involvement of the 
veins of an uppei extiemity is extiemely laie Stover and HerrelV of the 
Ma}0 Clinic, lepoit one such case nhicli almost paralleled oui ovn, and in 
reviewing the hteiatuie they found only one othei case lesembling theirs, 
that cited b} F Paikes Webei," which was really a widespread thrombosis 
nnolvmg both aims and both legs Vn aiticle on the ‘Vascular Complications 
of Polycythemia ’ In Noiman and Allen,’ contains no reference to thromboses 
m the arm, noi does a moie lecent aiticle by Zeiter ^ There are, however, 
othei leferenccs to thiombosis of \essels m the upper extremit}^ m association 
iMth potycytheinia veia m the European liteiatuic Inteiest in the condition 
kno\Mi as “etfoit thiombosis” began theie witb tbe fiist description of it by 
von Schrottei,’ m 1884 and its continued study since has led to the finding 
of pol3^C3nhemia m association with some of the cases LohA reports six 
cases of thiomhosis m the uppei extiemit3 In two of these pol3'cythemia 
was definitely piesent, in two moie its piesence was suspected m the last 
two studies weie too incomplete to establish it 01 lule it out He cites the 
association of these two conditions m one case lepoiled In Winterstein,' and 
in thiee cases by julius Bauei The above cases plus the Mayo case and 
oui own account foi eight definite instances w’heie polyc\ themia and a 
thrombosis in the uppei extiemity occuired concomitantl3" There aie probably 
moie Oui case has the ciuestionable distinction of being the onl3’ one in 
which the piocess went on to gangiene formation lesiiltmg in partial loss 
of the limb 

Tbiombosis of the axillan 01 subclavian veins fiom other causes is not 
uncommon J R Veal'* coveis this subject of thrombosis in the upper 
e\tremit3" vei3'^ thoioughl3 and lepoits 17 cases — none, however in associa- 
tion wuth polycythemia vera He divides his cases into I Primar3'’ — (A) 

1 hrombophlebitis (bactei lal) , and (B) Phlebothi ombosis (nonbacterial, trau- 
matic 01 effort thiombosis) II Secondar3" — (A) Thrombophlebitis from 
legional infection, and (B) thiomboses from malignancies of the axilla 
and chest We ejuote this logical classificatoin 111 older to indicate that 
OUI piesent case w'ould fall undei gioup I-B, and to point out its possible 
lelationship to that othei condition listed undei tlie same heading ‘‘effort 
thiombosis’ — a thiombosis accompanied b3’ a fairly massive swelling of 
the involved pait following some slight tiauina unusual effort or “111- 
appiopriate movement ” We suggest the possibilit3'’, at least, of the presence 
of pol3'C3 themia, often unrecognized, as an underlying factor in some of 
these cases of “effort thrombosis,” wdiere one is often hard put to trace even 
the slightest abnoimal effort as a precursoi of the lesion This suggestion 
IS not oiiginal with us the theoi3’- having been advanced ver3’ definitel3 b3' 
Lohi,® in 1934 But his suggestion seems to have been ocerlooked b3 sub- 
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sequent writers on the subject We hold his theor} to be oi prime im- 
portance and worthy of careful attention in the stud} of future cases of a 
condition so little understood that Matas^® describes it as “a complex syndrome 
of polyvalent causation ” Matas also gives a clue as to why polyc} themia 
has not been found more often when he wiites “in the feiv cases in zoJiich 
caiejnl hematologic studies have been made theie aie no notable blood 
changes Again, one must lemcmbei that the blood count and hemo- 

globin values vary fiom time to time m polyc} themia, and if a i online count 
be taken at a time when these values aie at or near noimal, polycythemia 
may not be suspected Foi example, m one of Loin’s'’ well established and 
thoroughly studied cases with true polycythemia the counts and hemaglobins 
were normal on isolated occasions Again (as was the case dm mg oui 
patient’s first admission), the elevated eiythiocyte count and hemaglobm pei- 
centage may not be suppoited by othei findings confiimatoiy of the diag- 
nosis of tiue polycythemia and one ma} not feel justified m making such 
a diagnosis How^ever, it is coming to be moie and moie lecognized that 
a latent or unrecognized polycythemia veia may lie piesent in ohscuie cases 
of peripheial vasculai disease — chionic leg ulceis, acrocyanosis, etc, as 
pointed out by Dameshek and HenstelP^ m an excellent aiticle on the diag- 
nosis of polycythemia So, until the condition of ‘‘efl:oit thiombosis” becomes 
more clearly understood we believe a thoiough seaich should be made in evei} 
case for polycythemia 

Pathology — With the ovei abundance of eiythiocytes and wuth hema- 
tocrit values well above normal, the viscosity of the blood in polycythemia 
vera is inci eased and the late of flow' probalily i educed Add to these pie- 
disposing conditions some piecipitating factoi and thiombosis lesults (This 
may well be some slight trauma or again as heie, no exciting cause ma) be 
traceable ) Just where the thrombosis occuis is not always detectable and 
our rather general title “Thrombosis and Gangiene of the Right Aim, etc 
is used purposely In fact, we feel that specific designations of axillaiv oi 
subclavian thrombosis should be leseived soleh for those cases w'heie a 
demonstrable thrombosis can be found in tbe vein named and should not 
be used for general sw'elhng of the aim following a supposed thiombosis 
w'hich IS assumed to be high because the swelling extends to the shouldei 
or trunk When thrombosis does set in theie follows a maiked circulatoi} 
disturbance in and about the aiea diamecl In the aftected segment A 
generalized sw'elling comes on and l}m])hatic blockage is eMdent This 
may rest upon the Leiiche^- pimciple of aiteiiolai spasm as suggested spe- 
cifically 111 thrombosis of the aim by Cattaloida.^" Roelsen,’* and In Ochs- 
ner^'* m the case of acute phlebitis of the leg. and mai lead to secondar} 
edema, lymphedema and stasis In fact it is suggested In Cattalorda that 
the W'hole process may be one oi vessel spasm and that no thiombus is neces- 
sary to initiate the lesion Such feeling has aiisen from the tact that in 
some instances axillar} and subclavian veins haic been exposed with the 
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intent of excising the aftected segment and in some of these there was found 
no thrombosis at all Cattalorda had one such expenence Moure and 
Martin^*’ lepoit the same thing, and Roelsen tells of seven cases, three of 
which weic opeiatcd upon, but in none of these was anything abnormal found 
He feels the w'hole piocess ma} be explained as the lesnlt of spasm alone 
and regal ds ihiomhns foimation as a complication The icasoning which 
localizes the pathology in the subclavian oi axillau Acins ma) glow trom a 
lallacioiis imdeihing piemise ot high sw elling-high thiombosis ” Is it 
not possible that in those cases wheie the exploied axillary oi subclavian 
\eins weie found to be noimal that the piocess did not rest on spasm alone 
hut tollowed an undiscoveiahle thiombosis of a ^eln in the lowei arm, fore- 
aim oi wiist^ In oui case, when all the secondaiy manifestations had cleared 
aw'a) , the blockage was chiiicalh demonstiated to be tiom the midforearm 
down, yet the swelling m the eail) stages had extended even ovei the chest 
wall Had oui case not gone on to the stage of tissue destiuction but had 
subsided like many otheis, we, too, would piobably be reporting a case of 
“subclavian vein thiombosis ’ Venogiaphy may piove the means of solving 
some of these questions 

Many caieful studies have been made to explain the tine thiomboses 
which occui in the subclavian and axillai) veins on an anatomic basis 
( Willan,^” Gould and Patey Lohi *’ Lowenstem,^'^ and Kaplan-'’ Most 
of these studies lead to a theoi \ that oveisti etching with compression and 
contusion of the vein between clavicle and first iib explains the situation 
(the subclavius muscle oi costocoi acoid ligaments exerting the pressure) 
Some feel the subclavio-axillaiy valve is damaged Wi iters do not stiess 
the lole of the l}mphatics None points out that theie ma) be a relationship 
between the fact that this lesion most often affects the upper right extremity 
and that the lymphatic system draining the uppei right-quaitei of the bod) 
is constituted cliff eiently than the othei lymphatics One thinks of the “right 
lymphatic duct” leceiving the tnbutaiies of the legion and emptying into the 
subclavian vein Yet, in a definite jieicentagc of cases the three mam tribu- 
taries of this duct — jugulai mediastinobionchial and subclavian — do not 
unite to foim it but empt) sepaiately into the venous system In such 
cases blockage of one such mam liibutai) would be less likely to extend to 
the otheis and would show' itself b) the clinical phenomenon ot swelling 
limited to the pait chained b) the affected tiunk This we think may have 
occurred in oui patient, foi the whole area involved was drained by the sub- 
clavian lymphatics — the arm, obviously, the chest wall by the channels accom- 
panying the superior thoiacic, long thoiacic etc Even the lymphatics accom- 
panying the external jugulai vein, so prominently involved here, follow this 
vessel to the subclavian lymphatics and aie not a part of the internal jugulai 
system of lymphatics This w'ould account for the pronounced cord-hke 
swelling along the external jugulai without swellings of the other parts ot 
the neck, or face as seen m oui patient What the mechanism of this lymphatic 
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blockage is ue cannot say absolutely, but it does seem to be the inajoi cause 
of the alarming swelling Microscopic sections made of the radial artery 
and veins in oui case (Fig g) sho\\ definite subacute and chionic inflam- 
matory changes in the periarterial and peiivenous tissues 

As to the gangiene foimation, it was due, no doubt, to the backing up 
of resistance to the flow of aiteiial blood until tissues no longei leceived 
adequate nouiishment The gangienous piocess then extended up the 
arterial Itec a ceitain distance, aided, we feel sure, by the aitenosclerosis 
piesent That the original thiombosis w'as, in itself, massive enough to ac- 
complish all this IS unlikely but that a pernicious piogiessive occlusive piocess 
was initiated is moie plausible Collateial vessels weie piobably nai rowed 
by spasm, their own blood supph im])eded thiough the pressuie of the lymph- 
edema on then vasa ^asolum and, finally, then sluggish stieam came to 
the clotting point The mechanics of “wet gangiene," a subject not gieatly 
discussed in lecent yeais, is adequately dealt with by Audiei and Hamorici 
Svmptoiu^ and Sigin — The symptoms in oui case weie veiy similai 
to those in the Mayo case — painless swelling, slight tenderness, deep red cya- 
nosis, wnth giadiial extension ot the process to the shouldei and chest wall 
weie common to lioth Coid-hke prominence of the veins mentioned liy 
Stovei and HeiieF was noted only m the external jugulai h\ us Pulses 

at the wiist lemained noimal until the gangienous piocess shut them ofl 

Wilting of axillary and subclavian vein thiombosis, VeaP gives as typical 

the following signs and symptoms no niattei w'hat the undei lying cause 

Pam in the aim and shouldei (not definite in oui case) , massne pitting 
edema of the entne extiemity , weakness and paitial loss of function of the 
aim, pieseiyation ol the ladial pulse, eleyation of the systolic piessuie on 
the aftected side (in ouis piessuies weie equal) , palpable, tendei cord-like 
swelling along the couise of the biachial basilhc and axillaiy veins (external 
jugulai heie) , and marked elevation of the venous piessuie and a decrease 
111 the oxygen content of the venous blood of the affected aim (these lattei 
tw'o points not checked in oui case) 

We do not piesume to discuss the diagnosis of the gencial disease — 
polycythemia veia — other than to stiess the fact that not all signs are piesent 
111 eveiy case, and if one finds a peisistently high eiythiocytc count and 
hemoglobin value it may be piactical to assume that the disease is present 
Splenic enlaigeiiient foi example was not denionstiable m oui patient while 
he suffeied his thiombosis in the light aim but was piesent a few months 
latei Inciease in platelets was not found at the height of his red cell in- 
ciease The fragility of the cell was within normal limits — the described 
increased lesistance to hemolysis not being shown Yet the autopsy findings 
of splenic enlaigement, teimmal coionaiy thrombosis and red bone mairow 
Inperplasia iiimly establish this as a tiue case of Vaque/'s disease One 
ol the more ictemh discussed-- causes of pseiidopoly cy themia \era — scleiosis 
of pulmnnaiy \cssels — was ehminaied beie b\ a chest loentgenogiam which 
showed none of the chaiacteiisiic sclerosis 
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fieatinent — What has been said about the diagnosis of the general con- 
dition has a direct bearing on treatment Although injection of the sympa- 
thetic ganglia, excision of affected vein segments, paravenous and periarterial 
sympathectomies have been tried, it is rather generally agreed (Veal, Matas, 
Roelsen) that the tieatment of thiombosis is supportive — elevation, rest, 
moist waim applications etc In othei woids, one does little but promote 
circulation and await the leestahhshment of ample venous leturn through 
(ollateial channels But in oui case this was not enough, piobably because 
of the maikedly inci eased viscosity and slowing of flow which accompanies 
polycythemia vera, and which tends to pi omote an extension of the thrombus 
formation into those channels which oiclinaiily might serve as detours 
(Fig 8) In the Mayo case, piompt lecognition of the general disease and 
ample blood-letting (5,2^0 cc ovei an eight-day peiiod) contributed to the 
saving of the limb Perhaps (althotigli we cannot be suie) this procedure 
w'ould have lesulted in a bettei outcome m oui patient However, in oui 
own defense, w'e must point out that Lohi*’ had two cases of polycythemia 
veia with the thiomhosis svnchome in the arms, and m neither case did 
gangrene lesult even though the tieatment was entiielj “supportive” The 
point of cliff eience w'as that these tw'O patients w^eie young and otherwise 
healthy, w'hile oui patient was old and maikedly scleiotic 

If gangrene is inevitable it is wise, we believe, to await the line of 
demai cation and then amputate The wav oui flaps healed, despite an 
already piesent infection showed that cii dilation to the line of tissue 
change was quite competent 

Liability — Of piactical importance fiom anothei standpoint is the 111- 
teiestmg fact that “efloit thiombosis coming on aftei tiauma — even the 
slightest — sufteied at woik has been adjudged a compensable accident 
Louisiana established this piececlent the couits submitting the question 
for decision to Di Rudolph Matas, wdio came to this conclusion after a 
thorough study of the subject If theie was no preceding trauma, however, 
Matas felt no liabilit} existed Since the question of the presence of a 
predisposing factoi w^ould be of gi eat impoi tance in settling such a question 
w^e feel that heie is one othei reason 1 01 making a thoiough search foi 
polycythemia vei a m all cases of so-called “eftoi t thrombosis ” 

SUMMARY AND CONCLUSIONS 

1 A case of thiombosis in the vessels of the aim accompanied by massive 
swelling extending to the chest w^all dud neck 111 a patient with polycythemia 
veia IS lejDorted 

2 Seven othei such cases have been tiaced in the liteiature Om case 
was the only one in which the jnocess lesulted m gangrene 

3 V'e believe as did Loin that an unrecognized jiolycythemia ^era 
may undeilie a ceitain numbei of cases of so-called “eftoi t thrombosis” It 
should be caretulh sought foi in each futuie case to prove 01 disprove this 
contention 
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4 Tliiombosis of \esscls m tlic lowti .inn fnic.iim oi ^\nst plus tlu 
extensive lymphatic stasis which follows nia} explain man} cases meoneclK 
designated as examples of subclavian oi axillai} tlnombosis 

5 In a patient suffeimg fiom a tlnombosis, mci eased led cell and 
hemaglobm values call for theiapentic blood-letting, regardless of whethei 
the condition can he acemately diagnosed as a tine pol}C}theniia oi not 

6 Since the question of compensation ma} arise in eases ol ‘eftoii 
tlnombosis” it is w^ell to establish the piesenee oi absence of iiolvc}theniia 
veia 111 such cases 
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IMMEDIATE AND LATE RESULTS OF PERFORATION 

OF PEPTIC ULCER 

Careington Harrison, M D , and Frederick W Cooper, Jr, M D 

NaSHMLLE, TE^N 

FROM TIIF DIPXRTMFNT OI SlRCFRl, \ wnEllIlII T UM\FHSI'^1, NASHVILLE TI- VN 

In the 15-yEAR PERIOD, fiom 1925 to I 940 j theie have been 57 cases of 
acute perfoiation of peptic ulcei admitted to Vanderbilt University Hospital, 
of which 51 were in the duodenum and six in the stomach 

This study was primarily for the puipose of testing the validity of the 
widespread opinion that if a peptic ulcer perforates, and if the patient recovers 
after closuie of the perforation, subsequent permanent healing of the ulcer 
may be expected to occui This opinion constituted the basis for a method of 
tieatment of peptic ulcer described by Balfour in 1918 Balfoui states “Com- 
plete perforation by the cautery point through the center of the crater of the 
ulcer has been made an essential in the technic because of the clinical fact 
(drawn attention to early by Ma3'o, Clairmont and othcis and now geneially 
recognized) that spontaneous and complete peifoiation of a gastric ulcer is, 
presupposing recovery from this accident, quite likely to be followed not only 
by the cure of the ulcer but by the cuie of the patient ” In recent textbooks 
on surgery one finds some diffeience of opinion as to late results obtained in 
the patients in question Chiistophei has said “Healing of the ulcer occurs 
after simple purse-string suture 111 about three-fom ths of the cases ” More 
recently, Cutler has written “Aftei three to four da}'s the patient is started 
on strict medical regimen, which may be continued foi an indefinite period, 
because simple closui e of the perforation has not cured the patient of his ulcer 
or of his tendency to form anothei ” And again, Horsley has written “Fre- 
quently after closure of the perforation the lesion appeals to heal and the 
patient remains well, but if symptoms continue, as they do m many cases, 
the patient can be treated anew as a peptic ulcer case that demands surgery ' 
Grey-Turnei estimated that only 50 pei cent of then patients with perforations 
were cured after lecovery’’ from the perforation Lewisohn found that 39 per 
cent of his patients had persistence of ulcei symptoms Sullich repoited that 
70 per cent of his patients were not cured by pei foration 

SUMMARl OF CASES 

The operative piocedure employed m the present series of 57 cases con- 
sisted, essentially in lemoval of all available foreign material in the peritoneal 
cavity followed by simple closuie of the pei foration either by purse-stnng 01 
Lembert sutures 

In three cases the peifoiation of the ulcei occui led as the first indication 
to the patients of the presence of gastro-intestinal disorder Sixteen patients 
had had symptoms of peptic ulcer for ten yeai s or more prioi to the abdominal 
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Av Duration 
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Age 

Symptoms 
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of Air 

Perforation 
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37 large* 

12 infections 

38-1- 

10 largef 


S7 

41 yrs 

6 3 yrs 

18 small 

4 disruptions 

II — 

47 small 

16 


(14-70) 2 not indicated 8 — no x-ray (28 07%) 


* Large — greater than i 000 cc 
t Large — greater than i cm 


catastrophe foi which they sought admission to the hospital None of the 
patients had adhered to a stiict medical legimen of theiapy foi the ulcei, onl} 
eight having had even a shoit course of formal therapy The remamdei had 
taken alkali oi a bite of food iiiegulaily foi relief of abdominal distiess 

All the patients gaAe a history of sudden onset of severe abdominal pain 
of the natuie usually found in this condition Pam was usually soon followed 
by vomiting , only eight patients noticed the pi esence of blood m the vomitus 
or gave any previous histoi y of eithei hematemesis or tan y stools Abdominal 
rigidity was the rule on examination, but hvei diilness was obhteiated oi 
impaired in less than one-half of the cases 

No correlation was found to exist between the size of the peiforation and 
the volume of fluid or the pi esence of air m the peritoneal cavity Again, no 
coi relation was found between the lapse of time fiom the time of perforation 
to the time of operation and the amount of fluid in the peritoneal cavity The 
incidence of wound infection inci eased with the lapse of time between perfora- 
tion and operative inteivention Theie \vere, also, foui wound disruptions 
which showed no relation to lapse of time between perfoiation and opeiation oi 
to the occuirence of infection 

The cases have been arbitrarily divided into thiee gioups, accoiding to 
the numbei of hours which elapsed fiom the time of onset of symptoms of 
perforation to the time of operation 
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A 

' 

■f 




y 


4 

o-io hrs 

30 

40 \r«; 

5 8 >rs 

10 small 

2 disruptions 

3 — no x-ray 

5 largef 

(13 3 %) 





2 not indicated 





B 




8 large 
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■1 
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4 small 
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2 large 

(46 67r) 


* Large — greater than i 000 cc 
t Large — greater than 1 cm 


On comparing these gioups, one immediatel} sees that the mortalit} rate 
jumps from 13 3 pei cent in cases operated upon before ten houis had elapsed 
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45 5 pel cent m cases opeiated upon latei tlian ten houis .No wound infec- 
tions 01 disuiptions occimed in patients opeiated upon undei tinee houis 


GASTRIC ULCER 
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2 mm 
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30 days 
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tomatic 
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12 yrs 


2 mm 
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Iheie was no histoiy of hematemesis in any member of this gioup as con- 
tiasted with the cases of duodenal iilcei, in which there were eight patients 
who vomited blood pnoi to opeiation The patients were all males, averaging 
age 38 

Since Vandeibilt Univeisity Hospital chaws its clientele fiom a large iiiral 
aiea, consideiable time elapsed in many cases befoie tlie patients presented 
themsehes Nine of the patients c\ho died postoperatively were seen by then 
local physicians within a few houis of the time of peiforation, w^eie given 
hypodermic injections, and weie not advised to go to the hospital until the 
lollowung da}'' 01 latei Of the 57 patients opeiated upon, 41 left the hospital, 
and 16 died, a moitahty late of 286 pei cent as compaied to the operative 
moitality of a collected senes of 15,340 cases lepoited during the last decade 
of 234 pel cent (DeBakey) Eager , in reviewing 1,495 cases, found the 
mortality to be 147 per cent foi the first six-hour period, 265 per cent for 
the second six-houi period, 47 2 pei cent foi those operated upon betw'een 12 
and 24 houis aftei perfoiation, and 656 per cent foi those operated upon 
after 24 houis 

The aveiage age of the 16 patients dying w'as 43 3 yeais, 01 approxiinateh 
the same as that of the group as a whole In all 16 of these patients a large 
amount of fluid and gastiic content was found in the peritoneal cavity at the 
time of opeiation The amount and time of ingestion of food pnor to opera- 
tion was the most important factor contiibutmg to the amount of fluid in the 
peritoneal cavity at the time of opeiation, pyloric obstiuction apparently play- 
ing no important part 111 its causation 

In ten patients opeiated upon wnthin thiee houis 01 less aftei perforation, 
three patients expii ed , all thi ee of these perforations occurred w'hile the 
patients w'ere in the hospital Also, in all tin ee of these patients thei e occurred 
hemorrhage from the ulcei shortly before or at the time of perforation Two 
of these cases had been admitted to the Medical Service, one because of 
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bleeding and one because of an inciease in the epigastric pain of one week’s 
duiation The third was admitted for a dilatation of a stricture of the anus, 
^^hlch was incident to a hemorihoidectomy, performed elsewheie, one week 
previously In Gioup A there uas only one othei patient with histoiy of 
either hematemesis oi taiiy stools This patient was opeiated upon five houis 
after perforation, and he too was found to have a laige amount of bloody fluid 
in the peritoneal cavity, hkewnse the outcome of his case was fatal These 
foui cases comprised the total deaths occuriing in the patients opeiated upon 
befoie the expiiation of ten houis aftei peiforation As shown, theie w^as 
concomitant hemoirhage in each ol these cases Regaiding these foui cases, 
it should also be noted that the peiforations vaiied in size fiom i to 3 cm 
in diametei 



Chari I 


Aside from the three patients mentioned above, there have been two others 
who perforated while in the hospital, both dining gastro-intestmal roentgeno- 
logic examinations Both of these had neithei hemorihage noi obstruction, 
and both made an uneventful lecoveiy One of these is a lecent case wdio is 
not included elsewhere in this study 

In the entire series of 57 patients, there weie only eight who gave histoi\ 
of either hematemesis 01 of tarry stools pi 101 to operation Thiee of these 
have just been discussed, a fouith case w^as the patient who \vas mentioned 
elsewhere herein mIio siiddenl} pcifoiated a second time sewen \ears aftei 
the fiist opeiation Two 11101 e of these patients lecoveied satisfactorily fiom 
the operation but bai e continued to har e ulcei symptoms, without, how evei 
additional bleeding A seventh inembei of this group wdio had lecognizable 
bleeding pi 101 to opeiation expired, but he w^as one of those who came to 
the hospital on the second day following perforation The eighth membei 
of this group lecently letuined to the hospital, one >eai after operation, wnth 
a massive hemoiihagc as the first indication of peisistence of his ulcei Fiom 
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these facts it seems clearly evident that the piognosis m peptic ulcer is 
gravely afifected by hemorrhage as conceins both mortality and morbidity 

DE VTH't 

Of the 1 6 patients who died, postmortem examination was performed in 
nine Dual ulcers were found ih the duodenum in three of these nine patients 
These ulcers weie all of the so-called “kissing” vaiiety, in each instance one 
occurring m the antei lor and one in the postei loi wall of the duodenum , the 
perforation was m the ulcei on the antei loi wall of the duodenum in each 
case, 111 none of these cases had i ecogni/able hemorrhage occurred, either 
prioi to operation, at operation oi at autopsy In another of the autopsied 
cases, an open arteiy was found in the margin of the ulcei, which was located 
on the anterosuperioi wall of the fiist poition of the duodenum 

Coiose Subsequent to HospUahzation — All of the 41 patients who lecov- 
eied following opeiation weie traced Two of these had expired one of them 
two and one-half months postoperatively the cause of death apparently being 
lesidual peiitoneal infection complicated b}' enip^fenia, the other patient lived 
two yeais, continued to have symptoms, and died of intei current infection 
(pneumonia,) Of the lemaimng 39, seven patients (175 per cent) report 
themselves to be completely free of gastro-mtestinal symptoms, while 32 of 
them (825 per cent), including all four of the cases of gastric ulcer who 
survived, continued to have varying degrees of symptoms of peptic ulcer 
These symptoms consisted, essentially, m epigastric pain leheved to some 
extent by food 01 alkali, occasional nausea and infiequent vomiting Very 
few of these patients have followed strictly any couise of medical treatment 
since operation Seven of these 32 patients had symptoms ever since operation, 
while 25 of them haAe had an asymptomatic period immediately following 
operation varying from three w^eeks to six yeais, averaging i 8 years It is 
interesting, and peihaps informative, to note that the patient reporting the 
longest asymptomatic peiiod had this peiiod abiuptly teiminated, without 
w'arning, by second perforation of his ulcer 

The seven patients 1 ecorded above as being asymptomatic have been so foi 
the following numbei of years, lespectively seven, seven fom, one, eight 
tw'elve and eight years 

Subsequent Roentgenologic Studies — Sixteen patients out of the 41 
suivived have had roentgenologic examinations subsequent to operation, vary- 
ing in time from 15 days to seven yeais postoperatively In every case except 
one there was found a deformity of the duodenal cap No distinction can 
always be made between simple postopeiative deformity and that due to a 
persistent ulcer The single patient wdiose gastro-intestinal series was normal 
had been on a strict ulcei regimen for the eight months preceding the examina- 
tion, and subsequently he has had a 1 ecui rence of his old ulcer symptoms In 
thiee of this gioup there w^as some roentgenogi aphic evidence of duodenal 
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obstruction, which was in agreement with the clinical pictuie of the cases in 
question 


SUMMARY AND CONCLUSIONS 

(1) Fifty-seven cases of acute perfoiated peptic ulcei aie piesented 

(2) The 1 elation of the duiation of peiforation prioi to operation and the 
hospital course is discussed 

(3) The cause of death and the findings at autopsy are outlined 

(4) The concomitant occurience of the complication of peifoiation and 
bleeding was found to altei gieatly the mortality and moibidity 

(5) None of the patients had received adequate medical treatment for 
ulcer 

(6) The incidence of lecuiience of symptoms of ulcei postopeiatively, 
after simple closuie of the peiforation, was found to he 82 5 pei cent 

(7) Following recoveiy from the opeiation foi closuie of a perfoiated 
peptic ulcei, the patient should he evaluated anew and tieated just as any 
othei case of peptic ulcei 
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THE LYMPHATIC AND VENOUS SPREAD 
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An understanding of the spiead of caicinoma of the lectum is essential 
foi the tieatment of the disease Fom mam routes are possible (i) By 
direct extension, (2) by the lymphatics, (3) by the blood stream, and (4) 
by tiansplantation thiough the peritoneal cavity The second and third 
loutes of spiead aic the subjects of this lepoit 

LTMPHATIC SPREAD 

The clinical ohseivations of Miles, - in 1925, on the lymphatic spread of 
carcinoma of the lectum and injection studies by French and German anato- 
mists have foimed the basis foi its present suigical treatment Recent work 
by Gilchi 1st and David, ^ and Coller, Kay, and MacIntyre'* has thrown further 
light on the subject The present study makes use of their methods, and 
is based on the examination of 75 specimens of the lectum and rectosigmoid 
removed at opeiation duiing the past three yeais Sixty-two were removed 
by abdominopei meal 1 esection, ten by perineal excision, and three by anterioi 
abdominal resection of the lectosigmoid, with either colostomy and inversion 
of the distal stump 01 end-to-end anastomosis In these three cases the su- 
peiioi hemoiihoidal vessels weie divided and a wide aiea of the mesentery 
was lemoved All specimens Aceie cleaied by the Spalteholtz method, as used 
by Gilchiist and David, Avith some slight modifications All lymph nodes 
Avere dissected out, sectioned, and charted on drawings to shoAV their rela- 
tionship to the tumor and the main blood vessels By this method, many 
more lymph nodes Aveie found than aa^ouW have been possible by less accurate 
methods As a lesult the numbei of node metastases found was also greatly 
increased Metastases Aveie frequently seen m the smallest nodes, AVith a 
diameter of onl}^ 1-2 mm Mere size pioved to be a completely unreliable 
guide to the piesence 01 absence of a metastasis in a node 

In this series of 75 cleared specimens, the aveiage number of nodes per 
specimen Avas 52 The average number found in specimens lemoA'ed by ab- 
dominoperineal resection Avas 54, by perineal proctectomy, 31, and by anterior 
resection, 67 The greatest numbei found in any one specimen Avas 124 
Metastases Aveie found m 55 pei cent of the cases This incidence is some- 
Avhat less than that of 68 per cent reported by Gilchrist and David^ in 25 
cleared cases, and that of 64 per cent found b}'^ Coller"* m 53 cases It stands 
out in contrast, hoAA'^evei, to that of 36 per cent aaLicIi Avas found in a similar 
series^^ of cases at this hospital, fiom 1916—1932, in Avhich the clearing tech- 

* Read before the New’ York Surgical SocietY, Jainiarv 28, 1942 
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me was not used The incidence in the present series is 19 per cent higher, 
and denionstiates the value of this method This mciease occurred in spite 
of the fact that more cases 111 this senes were operated upon at an earhei 
stage, when fewer nietastases might be expected Thus, m the 1916-1932 
series, 34 per cent of the specimens examined grossly weie completely an- 
nular, whereas in the present series only 22 per cent were annular That a 
relationship exists between the extent of bowel circumference involved and 
the frequency of metastasis will be shown later 

Table I 

INCIDENCE 01 NODE METASTASES REPORTED B\ PREVIOUS AUTHORS 



No of 

No of Nodes 

Per Cent with 


Specimens 

per Specimen 

Metast 

MeVay 

TOO 

6 

47 % 

Wood and Wilkie 

TOO 

11 

51 % 

Westhues 

74 (cleared) 

2 S 

59 % 

Gabnel Dukes and Bussey 

100 

28 

62% 

Gilchnst and David 

f 22 

\ 25 (cleared) 

24 \ 

52 / 

68 % 

Coller Kay, and Macintvre 

53 (cleared) 

67 

64% 

Grinnell (1916-1932) 

107 

— 

36% 

Present series (1938-1941) 

7 S (cleared) 

52 

55 % 


The Lymphatics of the Rectum — Our knowledge of the lymphatics 
of the rectum is based chiefly on the injection studies of Delamere, Poirier, 
and Cuneo,^ Villemin,® and Rouviere '* The intramural lymphatics which he 
m the mucosa, submucosa, and muscle layers, are continuous with those in 
the rectosigmoid above and with the dermal and subcutaneous lymphatics of 
the anus below, and dram into the extramuial lymphatic system This system 
consists of three mam lymphatic trunks, the inferior, middle and superior, 
which correspond, in general, with the inferior, middle, and superior hemor- 
rhoidal vessels, and constitute the three zones of spread — upward, lateral, and 
downward, described by Miles “ 

The inferior tiunks arise from the anal region in the lowest portion of the 
rectum, and dram, chiefly, to the inguinal nodes by way of the perineum and 
the inner side of the thigh, and probably, occasionally, directly to the iliac 
and sacral nodes in the pelvis The middle trunks arise in the rectum near 
the level of, and just above, the insertion of the levator am muscles and pass 
laterally between the peritoneum and the levator muscles to the hypogastric 
and sacial nodes along the middle hemorrhoidal and sacial vessels The 
superior tiunks aiise from the entiie length of the rectum from as low as 
the anal canal and dram into periiectal and mesocohe nodes along the superior 
hemorrhoidal and infenoi mesenteiic vessels As these three lymphatic 
trunks anastomose with each other, it is possible for a cancer of the rectum 
to have metastases along t^^o 01 e\en three routes of spread 

In none of our cases was extensive intramural lymphatic spread in the 
submucosa or musculaiis found No attempt was made, however, to study 
this point by seiial sections We are inclined to agree with Miles,’^ Wood 
and Wilkie,® Westhues ® Cole,^® and MonsarraP^ that this tvpe of spread is 
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rare As far as intramural extension is concerned it is probably safe to 
divide the bowel within a few centimeters of the tumor 

Upward Spread — The extiamural lymphatic spread m the 41 cases with 
lymph node metastases in our series of 75 rectal and rectosigmoid carcino- 
mata, was studied carefully The mam lymphatic path is upward along the 
superior hemorrhoidal vessels In over one-half of the cases with node 
metastases only three nodes or less were involved The largest number of 

Aorta 



metastases in any one specimen was 13 In over one-half of these cases all 
the involved nodes lay within 3 cm of the tumor If cases without metastases 
are included, 73 per cent of all cases in this series were found to have either 
no metastases or very localized ones In the remaining 20 cases, or m nearly 
one-half of those with metastases, some of the involved nodes were at a 
considerable distance from the tumor One can conclude that the disease 
tends to remain localized and usually spreads slowly through the lymphatics 
but that exceptions to this rule are frequent 

In nine, or 22 per cent, of the 41 cases with metastases the most proximal 
nodes near the point of division of the superior hemorrhoidal vessels showed 
metastases This group would be expected to have a particularly unfavor- 
able prognosis Gabriel, Dukes, and Busse}'^- found that 30 per cent of their 
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cases with metastases were in this group Five of oui nine cases with the 
most proximal node involved, had had an abdominopeiineal lesection, and 


Table II 

NODE INVOLVEMENT IN 4I CASES WITH MLTASTASLS 

Cases with i node involved 
Cases with 2 nodes involved 
Cases w ith 3 nodes involved 

23 

Cases ^\lth 4 or more nodes involved iS 

41 

four had had a perineal excision Thus, only 8 pei cent of 62 cases having 
an abdominoperineal resection fell into this unfavorable gioup, wheieas 40 pei 
cent of our ten cases having a 
perineal excision were so clas- 
sified This emphasizes, strik- 
ingly, the inadequate remoi^al 
of lymph node-bearing tissue 
obtained b} the pei meal opei- 
ation 

In most of our cases the 
lymphatic spread of the disease 
progressed upwaid along the 
superior hemorrhoidal vessels 
111 a fairly ordeily manner In 
seven of our 41 cases with me- 
tastases, howevei, the spiead 
was definitely discontinuous, 
with a considerable gap of un- 
mvolved nodes between the 
tumor and the more pioximal 
involved ones Figure 5 shows 
such a specimen Gabriel, 

Dukes, and Bussey^- had onl} 
one such case in 62 cases with 
metastases, whereas Wood and 
Wilkie® reported six in 51 
cases This discontmuit} of 
spread is undoubtedl} ex- 
plained by the fact that there 
are a vaiiety of upwaid lymphatic path\%a}s In injection studies, Villemin, 
Montague, and Huaid^’’ desciibe thiec lymphatic loutes passing upvard with 
the supenoi hemorihoidal vessels The shoit paths aie the most numeious and 
dram into a group of nodes near the bifui cation of these ^ essels The middle 
paths pass upward ^Mthout stopping at mteunediate nodes to entei nodes 
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1 iG 2 — \ carcinoma with three metastatic nodes 
within three cm of the tumor For the sake of claritj 
not ill nninvolved nodes are eharted 

O — nodes without metasases 
• = nodes uith metastases 
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neai the junction of the supenoi hemorrhoidal and lowest sigmoid vessels 
The long paths pass upward without any intei mediate stops to enter nodes 
neai the junction of the left colic and the inferior mesenteric vessels In six of 
oui cases one oi more nodes at the bifurcation of the superior hemorrhoidal 
vessels w'eie involved, and m foui cases nodes at the junction of the supenoi 
hemoirhoidal and lowest sigmoid artenes showed metastases Two of these 



1 iG 3 — ^ carcinoma removed b> abdominoperi Tio 4 — A low rectal tumor removed 

neai resection with a metastasis in one of the most by perineal excision with metastases m the 
proximal nodes near the point of ligation of the super most proximal nodes near tbt divided 
lor hemorrhoidal vessels branches ot the superior himorrhoidal 

vessels 

four cases, appaiently, represent examples of direct spread along the middle 
route The other two show^ed metastases at both these sites, and may either 
represent spread by both the short and middle loiites oi a secondary relay 
from the short route wdiich ends at the bifurcation We had no cases illus- 
trating metastasis by the long route, as the usual abdominoperineal resection 
does not extend as high as the origin of the left colic vessels 

The cases with lymph node metastases were also studied to compare the 
adequacy of simple perineal excision with that of abdominoperineal resection 
The average limit of adequate removal of mesentery m the perineal operation 
\vas taken to be 3 to 4 cm above the peritoneal reflection Only cases with 
tumors lying completely beneath the peritoneal reflection ivere taken Some 
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cases with tumors paitly above and paith’- belou the pentoneuin could piob- 
ably have been included, but it was decided to limit the c^roiip only to cases 
best suited to the peimeal opeiation There weie 17 cases with node metas- 
tases in this group Only four of the 17 cases, 01 24 pei cent, appeared to be 
curable by perineal excision In the lemaining 13 cases, the involved nodes 
could not have been reached by such a limited operation The inadequacy 
of this operation is obvious 




pcnneil excision operition 


L \TERAL Spread — The latei at spi ead of the disease along the lymphatics 
accompanying the middle hemonhoidal vessels has been an alternate route, 
emphasized especially by Miles^ - for carcinomata arising in the lo\\ei rectum 
near the level of the levatoi am muscle insertion Gilchrist and David had 
foui cases, and Collei six, 111 their senes Wood and Wilkie had no instance 
of it Our study showed only one case (Fig 8), which demonstrates upwaid 
downward, and lateral spread from a tumoi situated 6 cm above the pectinate 
line It seems probable that latei al spread is most apt to occur in a low-lying 
tumor, w'here the mam upw'ard channels have been blocked by extensive 
metastases in the nodes This w'as tuie in oui case, and in Coder’s six cases 
As the middle hemoirhoidal vessels aie sometimes hard to identify in cleared 
specimens it is possible that 111 one 01 two instances lymph nodes along this 
route may have been incorrectly charted along superior hemorrhoidal branches 
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VVe agiee with Gilchiist that section of the levator am muscles should be 
made as widely as possible in order to reach nodes along this pathway It 
seems probable, however, that this loute of spread is of secondary importance, 
and occuis chiefly m advanced cases when the mam upward path has been 
blocked 

Downward Spread — Downwaid lymphatic spi ead has also been em- 
phasized, chiefly by Miles ^ - All A\nteis on the subject agree that it occurs 
only when extensive metastases have occuned, blocking the othei routes 
and causing letrogiade lymph flow downwaid Allies’ observations were based 
mainly on cases with lecuiient tumoi nodules following inadequate perineal 
operations We had only one case (Fig 8) Avhich has alieady been cited as 
illustrating upvaid, lateial, and downwaid spiead In this case the tumor lay 



6 cm above the pectinate line and had metastasized to 13 nodes, 12 involved 
nodes blocking the upwaid spread and one Ijaiig along the middle hemor- 
ihoidal A'^essels, about 2 cm distal to the tumor Westhues® had only one 
case 111 74 operative resections ivliich la}”^ i cm below the tumor and was asso- 
ciated with other metastases 111 the nodes above Gilciiiist repoited one case 
with a metastasis 4 cm below the tunioi, and Collei another, with the in- 
volved node lying i cm distal to the growth It seems evident that down- 
ward lymphatic spiead is of little importance except 111 advanced cases, aaIiicIi 
are probably ah eady mopei able because of extension along the mam lymphatic 
route upward The veiy rare occurience of downward extension in our 
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described (Fig 8) The patient, a female, age 55, with a low rectal tumor, 
had had a colostomy and a perineal excision perfoimed in two stages At the 
first operation no liver or mtraperitoneal metastases were found The tumor 
lay well below the peritoneal reflection One month later the peimeal excision 
was performed, with removal of the lower 27 cm of the rectum Metastases 
were found in 13 of the 46 lymph nodes All the involved nodes were fairly 
close to the tumor Five months later, two recurrent tumor nodules w^ere re- 
moved from both the pi oximal and distal limbs of the colostomy, and show'ed a 
histologic picture similar to that of the original tumoi The nodules evidenth 
lepresented retiograde spread from metastatic paracolic nodes It seems prob- 
able that involvement of the paracolic nodes occurs late, wdien radical surgery 
can oflfer little hope of cuie 

No relationship could be demonstrated between the size of the tumor and 
the frequency of metastases In fact the square area of bowel invoh ement was 
very slightly greater in the tumors without metastases than in those wuth 
them There was some correlation, how^ever, between the amount of bowel 
circumference involved and the frequency of metastasis Thus, the incidence 
of node metastases w^as 53 pei cent wdien the tumor w'as not complete^ an- 
nular, and 71 pei cent when it was 

VENOUS SPREAD , 

The occurrence of blood-borne metastases fiom carcinoma of the rectum 
has long been recognized, but the relative importance of this route of spread 
is still largely a matter of conjecture It is appaient from the frequency of 
five-year postoperative sui vivals m early cases without lymph node metastases, 
that venous metastasis does not usuall)'' piecede lymphatic involvement Many 
surgeons, how^ever, are familiar wuth the occasional small, early tumor, with- 
out node involvement, wdiich is found to have liver metastases at operation 
Browm and Warren^^ have lecently thiowm furthei light on this subject 
They studied a series of 165 cases of carcinoma of the rectum in which com- 
plete postmortem findings w^ere available These w'ere cases of patients dying 
immediately after resection or colostomy, survivals following operation, and 
cases dying of the disease wathout operation These cases weie studied par- 
ticularly for local blood vessel invasion in the tumoi and for visceral and 
lymph node metastasis We have made a similai study in oui series of 75 
cases The search for vessel invasion by tumor cells w^as carried out as 
recommended b}^ Browm and Warren At least three sections of the tumor 
were taken in each case and stained with Masson’s aniline blue trichrome 
stain to emphasize the smooth muscle W'all of the small veins The chief 
difficultjr ericountered was in differentiating tumoi cells in veins from those 
in lymphatics The mam point in differentiation was the presence of smooth 
muscle cells in the vessel w'all not usually seen except m the largest lymphatics 
The finding of red blood cells m the lumen, especially if m considerable num- 
bers, was also helpful Vessel invasion was found most frequently in the 
fat and connective tissue outside the muscle wall of the rectum along the deep 
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edge of the tumoi The next most common site was m the submucosa 
Neaily eveiy case was checked by Di A P Stout Wheie there was any 
doubt of blood vessel invasion, it was not accepted 

Blood Vessel Invasion — In the 75 specimens of caicinoma of the 
rectum m this senes, in which blood vessel invasion was studied, definite 
invasion was found m 36 pei cent If 84 colon caicmomata, which weie 
also studied, aie added to this gioup, the incidence of vessel invasion uses 
to 41 pei cent Blown and WaiieiP^ found it in 61 pei cent, but the ma- 
joiity of then specimens weie from autopsies of advanced cases m which 



Fig 10 — Tumor cells in a small vein Note the Fic ii — A tumor thrombus adherent to the 
accompanying artery (m2s) wall of a vein (xaS) 

no operation had been attempted A higher frequency of vessel invasion 
might be expected in these cases Theyc probably lepiesent a less dif- 
ferentiated and moie invasive group of tumors, and one in which vessel 
invasion has had more opportunity to occiii in the late stages of the disease 


Table III 

INCIDENCE OF LOCAL BLOOD VESSEL INVASION 


Present senes 

Total 

Cases 

Vessel Invasion 

Cases Per Cent 

Rectum (operative specimens) 

75 

27 

36 % 

Colon (operative specimens) 

Brown and Warren 

84 

39 

46% 

Rectum (operative and nonoperative specimens) 

209 

165 

too 

61 % 
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The frequency of vessel invasion was found to vary with the degree of 
differentiation of the tumor The growths were classified into three grades 
— I, II, and III , using as criteria the degree of invasive tendency, glandular 
arrangement, nuclear polarity, and the frequency of mitoses This classifica- 
tion has been described previously^® Our series of 75 cleared specimens 
was increased by 15 othei rectal caicinomata from a 1916-1932 group, 
which were also searched for tumor invasion in the veins These additional 
cases had little effect on the lesult, but contiibuted to a laiger series of 
cases Twenty-five per cent of the Giade I cases had vessel invasion, 34 
per cent of the Grade II cases, and all of the Giade III cases That such a 
relationship should exist is not sui prising Just as poorly differentiated 
tumors frequently invade nerve sheaths, so do they often penetrate into 
the lumen of vessels We have already shown previously’^® the close rela- 
tionship between the grade of the tumor, the fi equency of node metastasis, and 
the five-year results The value of grading is further demonstrated here 
It influences prognosis, whethei the disease spreads by the lymphatics or 
by the blood stream 


Table IV 

^rSSEL IN\ASION AND HISTOLOGIC GRADE 


Vessel Invasion 
Absent 
Cases 
Per cent 


Grade I Grade II 

12 38 

75 % 66 % 


Present 

Cases 4 20 

Per cent 25% 34% 


Grade III 


0 


16 

100% 


It was also found that the frequency of \essel invasion increased with 
the depth of penetration of the bowel wall by the tumor The cases were 
grouped according to Dukes’’^ classification A-cases are those in which 
the growth is confined to the wall of the rectum, B-cases those which have 
penetrated to the extrarectal tissues but have not reached the lymph nodes. 


Table V 

VESSEL INVASION AND DUKES CLASSIFICATION 

ABC 

Vessel Invasion 
Absent 


Cases 

II 

20 

19 

Per cent 

84% 

69% 

40% 

Present 

Cases 

2 

9 

29 

Per cent 

16% 

31% 

60% 


and C-cases those which have metastasized to the regional nodes Vessel 
invasion was found to be nearly four times as frequent in C-cases as m 
the A-cases, of which there were two Presumably, the tumors which have 
penetrated farthest are usually the least differentiated and the most invasive 
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They also have a greater opportunity for vessel invasion and a larger area 
available for its search In addition to the two A-cases mentioned, vessel 
invasion was also found in a third case, a small, early carcinoma developing 
on a polyp This was a very undiiferentiated Grade III tumor, which 
was only excised locally, and was not included m this senes of cleared 
specimens This patient is still well, two years aftei operation 


Visceral Metastases — Except m 
a few instances, it uas not possible in 
this series to correlate the finding oi 
blood vessel invasion with the latei de- 
velopment of blood-borne metastases, 
because a sufficient folloii-up peiiod 
has not yet elapsed Brown and Wai- 
ren^^ have shown in then cases that 67 
per cent of those with local intiavasculai 
invasion had visceial metastases They 
emphasize the fact that many tumoi 
cells that enter the venous circulation 
fail to survive and grow in distant foci 
The size of the vein involved is also an 
important factoi, as Willis^® has pointed 
out Large veins containing tumoi cells 
are far more likel} to have distant 
metastases than microscopic ones In 
only seven of oui cases had visceral 
metastases occuried at the tune this 
report was made Howevei, 25 othei 
cases of rectal carcinoma weie found 
in an older senes of cases. tiom 
1916-1932, which had had definite 
visceral metastases, and whose speci- 
mens could be sectioned and searched 
for vessel invasion All but three cases 
had liver metastases, ^\lth occasional 
lung and bone involvement as well The 
presence of liver metastases was detei- 
mmed by autopsy findings obvious me- 
tastases seen at operation 01 clinical 
evidence of a rapidly enlarging nodulai 
liver 



A - GROWTH LIMITE.D TO WALL Or RECTUM 

EXTENSION OF growth TO EXTRA. 
RECTAL TISSUES BUT NO METASTASES 

iH regional lymph nodes 
C - metastases in regional lymph nodes 

Extent of spread of cancer of rectum 

(Arrefi. dukcs ) 

Fig I’ — Dukes’ cHssification of circinonn of 
the rectum (ifter Dukes) 


There were 32 cases with visceial metastases 111 this combined group 
When the distiibution of these cases into thiee histologic grades was studied 
and compared to that of our recent cleared cases, a much larger percentage 
of Grade III cases was found in the former group As ue have alread) 
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shown that vessel invasion is moie frequent in Grade III cases, it is not 
surpiising to find that visceial metastases are also more frequent 


Table VI 


nlSTRIBUTlOV OF CASES n\ HISTOLOGIC GRADE IN 32 CASES 
WITH VISCFRAL MPTASTASES AND IN PRESENT SERIES 


Cases ■sMth visceral metastases selected 
from present and 1916-1932 senes 
Cases 
Per cent 

Present senes (all cases) 

Cases 
Per cent 


Grade I 

Grade II 

Grade ! 

4 

IS 

13 

13% 

47 % 

40% 

IS 

S2 

13 

19% 

6S% 

16% 


If this combined gioup with visceral metastases is analyzed as to bowel 
wall and node involvement, as measuied by Dukes’ classification, several 
striking facts appeal In the first place, no A-cases were found m this 
group Evidently venous metastasis did not occur until after the tumor 
had completely penetrated the muscle wall of the rectum Secondly, the 
percentage of B-cases, ? e , cases with complete tumoi penetration of the 
muscle wall, but without node involvement, with visceial metastases was 
surprisingly high and will be discussed further in the next paragiaph 
Finally, the proportion of C-cases, 7 e , cases with complete tumor penetra- 
tion of muscle wall and node metastases, was found to be large, as might 
be expected The comparison of this gioup with our recent cleared cases, 
and also with the 1916-1932 series, emphasizes these points The farther 
the tumor penetiates the bowel wall the more fieqiient is vessel invasion 
and the chance of blood-boine metastasis We have previously shown^®' 
the close relationship between this classification and the five-year post- 
operative results Here is anothei demonstration of its relation to prognosis 


Table VII 

DISTRIBUTION OF CASES BY DUKES CLASSIFICATION 
IN 32 CASES WITH VISCERAL METASTASES 

PRESENT SERIES AND 1916 I932 SERIES 

ABC 

Cases with visceral metastases selected from 
present and 1916-1932 senes 


Cases 

0 

8 

24 

Per cent 

— 

25 % 

7 S% 

Present senes (a 11 cases) 

Cases 

13 

24 

41 

Per cent 

17% 

31% 

52 % 

1916-1932 senes ’s 

Cases 

20 

49 

40 

Per cent 

18% 

4 S% 

37 % 


Eight, or 25 per cent, of the 32 cases with visceral metastases were 
B-cases, and failed to show metastases in the regional nodes Apparently 
blood-borne metastasis, before the nodes are involved, is not as rare as 
has been believed In our 1916-1932 series the incidence of five-year 
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survivors atter operation in the A-, B-, and C-cases was lOO, 59, and 23 
per cent, respectively These results applied only to cases surviving opera- 
tion five years and those dying of the disease The fact that 100 per cent 
of the A-cases survived five years without disease, agrees with our findings 
that visceral metastases have not been found in the A-gioup As foi 
lymph node metastases. Dukes’^'* and GrinnelB^ have shown that they 
almost never occui in the A-cases until the muscle layei of the bowel has 
been penetrated and the case can no longer be classed as an A-case The 
difference between the survival rate of 100 and 59 per cent in the A- and 
B-cases can be largely explained by the greater liability of venous spread 
m B-cases, for as far as lymphatic spread is conceined all the A- and B-cases 
should have survived It is possible, also, that some of the B-cases would 
have been classed as C-cases had the clearing technic been used m the 
search for node metastases This would have raised the five-yeai survnal 
rate of the B-cases somewhat nearer that of the A-cases 

Table VIII 

rOLLOW-UP RESULTS ACCORDING TO DUKES CLASSinCAIlON IN I()l 6 -lt )32 SERIES 

Cases Surviving Operation Five Years and Those Dying of Cancer in That Period 




A 

B 

C 

Cases 

63 

10 

27 

26 

Five-year survivors 





Cases 

32 

10 

16 

6 

Per cent 

Si% 

100% 

59 % 

23% 


When the cases with visceral metastases were studied foi the presence of 
local vessel invasion, it was found to be present in neaily everyone Out 
of the 30* specimens of rectal carcinoma lemoved at operation, vessel in- 
vasion was found microscopically in all but three, 01 90 per cent Brown 
and Warren were able to find it in all but one of their 70 cases with visceral 
metastases In other words, the absence of vessel invasion aftei careful 
search in the sections from the primary giowth will neaily always rule 
out the possibility of visceral metastases Unfortunatel}^ because of lack 
of sufficient follow-up period in our series, so far, the prognostic value 
of a positive finding of vessel invasion as regards visceral metastasis could 
not be determined A negative finding, however, is probably fai more 
impoitant 

SUMMARY 

(1) A senes ot 75 specimens of the rectum and rectosigmoid were 
cleared by the modified Spalteholtz technic and studied foi lymph node 
metastasis and blood vessel invasion 

(2) The average number of nodes pei specimen was 52 

(3) Node metastases were found in 41 cases, 01 in 55 pei cent This 
incidence is 19 pei cent higher than that found in a similar series of cases 
at this hospital, fiom 1916-1932 m which the clearing technic Tvas not used 

(4) No intramural lymphatic spread of anv significance Tvas seen in 
any case 

^ Two cases were omitted because sections were iindequate for t essel iht asion stud> 
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(5) The mam extrammal lymphatic spread is upward along the su- 
perioi hemorrhoidal vessels In ovei one-half of the cases -with metastases, 
only three nodes 01 less weie involved, and in over one-half of the cases 
the in\olved nodes lay within 3 cm of the tumoi In nine, or 22 per cent, 
of the cases with metastases the most proximal nodes, near the point of 
ligation of the superioi henionhoidal vessels, were involved Thus, 40 
]iei cent of the ten cases having perineal excision, and only 8 per cent of 
the 62 cases having abdominoperineal resection, fell into this unfavorable 
group, with a probably inadequate operation 

(6) In most cases uith node metastases the upward spread was rela- 
tively progressive and orderly In 17 per cent, however, it was definitely 
discontinuous 

(7) Only four, or 24 per cent, of the 17 cases with node metastases, 
having tumors below the peritoneal reflection, could have had adequate 
node removal by perineal excision 

(8) There was only one pi oven case of lateral lymphatic spread along 
the middle hemoirhoidal vessels, and onl}' one instance of downward spread 
found in our senes 

(9) Metastasis to the paiacolic nodes was not found in any of the 
specimens One case showed clinical evidence of extension along this 
loute following opeiation 

(10) The incidence of node metastasis was 18 per cent higher when 
the tumoi was completely annular than when it was not No relationship 
could be demonstrated between the square area of the tumor and the 
frequency of metastasis 

(11) Blood vessel invasion was found in 36 pei cent of 75 specimens 
of carcinoma of the rectum, and in 41 pei cent of a combined group of 
162 colon and rectal tumors 

(12) The incidence of blood vessel invasion was foui times as great 
m the Grade III cases as m the Grade I It was present in all the Grade 
III cases Cases with visceial metastases showed a higher incidence 
m Grade III than unselected cases 

(13) The incidence of visceral metastasis and its relation to local blood 
vessel invasion could not be determined because of the insufificient follow-up 
period 

(14) Theie were no A-cases with visceral metastases Eight, or 25 
per cent, of the 32 cases with visceral metastases were B-cases, without 
node involvement 

(15) Twenty-seven, or 90 per cent, of the 30 cases with visceral metas- 
tases showed blood vessel invasion Only three cases, or 10 per cent, 
failed to show it 

CONCLUSIONS 

(i) The use of the modified Spalteholtz method for finding and chart- 
ing lymph nodes will greatly increase the number of node metastases found, 
and will so aid m more accurate prognosis 
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(2) The mam extramural lymphatic spread is upwaul along the su- 
perior hemoirhoidal vessels It tends to remain localized and to extend 
slowly ill most cases More distant spread, often discontinuous and un- 
predictable, IS not uncommon, howevei 

(3) Lateial lymphatic spread along the middle hemoirhoidal \essels is 
probably infrequent and of secondary impoitance. occuiimg chiefly iihen 
the higher nodes are blocked by metastases 

(4) Downward lymphatic spiead is exceedingly rare m opeiative speci- 
mens, and only occurs by retrograde flow when the high nodes are blocked 

(5) The lare occiuience of downward extension suggests that the 
operation of anteiioi abdominal lesection, with ligation of the superior 
hemorihoidal vessels, may have a wider field of usefulness foi tumors near 
the rectosigmoid junction 

(6) Metastasis to the paiacolic nodes is raie except in cases that aie 
probably beyond opeiative cure 

(7) Perineal excision is a completely inadequate opeiation, even for 
carcinomata lying below the pelvic peritoneum 

(8) The tendency of rectal carcinoma to metastasize by way of the 
blood stieam vanes, in geneial, with the degree of difterentiation of the 
tumoi, and with the extent of local spiead, as outlined by Dukes 

(9) Blood stieam metastasis before the muscle wall of the rectum has 
been completely penetrated by the tumoi is piobably raie 

(10) Blood-borne metastasis after complete penetration of the muscle 
wall, but before the regional nodes are involved, is not as laie as has been 
believed 

(11) The value for piognosis of both the grading of tumors and then 
classification accoiding to local spiead has been further demonstrated 

(12) Failure to find local blood vessel invasion in the tumor after care- 
ful seaich is stiong evidence that no visceial metastases exist 
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PRIMARY ABSCESS OF THE LIVER DUE TO ANAEROBIC 
NONHEMOLYTIC STREPTOCOCCUS 
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NEW YORK, N Y 

Abscesses of the liver may be classified into two main groups (a) 
Amoebic, which are usually single and which are associated with amoebic 
dysentery, and (b) pyogenic The latter group may be due to invasion by a 
vaiiety of organisms, and as noted by Ochsiier,*^ may (i) follow infection in 
areas drained by the portal system, e g , appendix, rectum and other portions 
of the bowel , (2) spread from contiguous structures, e g , cholecystitis, gas- 
tric and duodenal ulceration, subphienic space infection, (3) result from 
trauma by penetration from without or by infection in a hematoma with 
organisms already present m the liver, and (4) blood-borne infections via 
the hepatic arteries In many instances no antecedent causal infection is 
demonstrable 

Although much has been wiitten on the subject of pyogenic abscess of 
the liver, its bacteriology has not been emphasized In a large series of col- 
lected cases, Ochsner^’ was able to find only 184 in which the bacteriology of 
the pus was reported In these B coli, streptococci and stayphylococci pre- 
dominated Failure to include the results of anaerobic cultures in many 
instances throws some doubt on the validity of the assumption that the above 
aerobes were the only organisms present With the gastro-intestinal tract 
teeming with anaerobic bacteria, it does not seem as if they would be con- 
sistently absent fiom abscess of the liver As future senes of cases are 
reported, in which caieful anaerobic as well as aerobic cultures are made 
other organisms may be included as being etiologic It is to be expected that 
anaerobes will be isolated more frequently 

We have had the opportunity recentl}' to stud} a case where precise bac- 
teiiologic examination demonstrated the complete absence of the usual aerobic 
organisms isolated in abscess of the liver, and the exclusive presence of a 
strictly anaerobic nonhemohtic streptococcus Three points m this case are 
of particular interest 

1 The presence of, and to our knowledge, for the fiist time recorded 
a primary solitary hepatic abscess from wdiich a pure culture of an 
anaerobic nonhemolytic streptococcus was recovered 

2 The unknown poital of entr} of the organism'' 

3 The inconstanc} of the s\mptoms and clinical findings 
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In 1893, Veillon,^” described under the name of M joetidns, a strictly 
anaerobic coccus, growing in short chains, and producing gas and a fetid odor 
in cultures, which he isolated from cases of Ludwig's angina, perinephric 
abscess and suppurative bartholinitis In 1895, Kromg,^ and Menge,^ inde- 
pendently described a strictly anaerobic streptococcus which they found in 
the vagina in pregnancy, and latei, in collaboration,^ isolated several strains 
from the vagina and lochia m infected puerperal cases as well as from para- 
metrial suppurations and peritonitis Then organism was called SUepto- 
coccus anaeiobius Lewkowicz- (1901) isolated from the mouths of suck- 
lings, a third variety of an extremely minute streptococcus growing only under 
strictly anaerobic conditions {Streptococcus micios) 

The importance of these organisms in relationship to puerperal septicemia 
was first insisted on by Schottmuller*^ (1910), although their presence in the 
genital tract in the puerperium had been noted by several earlier workers ® 
Schottmuller’s observations have been extended and confirmed by many other 
workers ® It would seem that the anaerobic streptococci form part of the flora 
of the normal genital tract ® 

In recent years, numerous other leports have appeared in the literature 
describing the pathogenicity of anaerobic sti eptococci for man ® Dental 
infections harbor these organisms They have been grown in pure or mixed 
cultures derived from chionic otitis media, cerebral abscess, meningitis and 
frontal sinusitis Many believe that tliej'^ are responsible foi the severe infec- 
tions following “human bites ” Ulcerating carcinomata connected with the 
oral cavity frequently yield an aerobic streptococci on culture They have 
been found in the blood in some cases of postangmal sepsis and bacterial 
endocarditis They have been isolated repeatedly from abscesses of the lung 
and putrid empyemata They have been cultuied from the alimentary tract, 
including the gallbladder, and from exudates associated with appendicitis 
Anaerobic streptococci in association with B cob are said to cause the foul 
odor of peritonitis and appendiceal abscess, which is attributed popularly and 
erroneously to the colon bacillus alone Bacterial synergistic gangrene of 
the abdominal or chest wall which sometimes follows operations on the gastro- 
intestinal tract or pleural caAuty has been found by Meleney® to be due to the 
symbiotic action of staphylococci and micro-aerophilic nonhemolytic strepto- 
cocci Urinary and genital tract infections due to anaerobic streptococci 
have been reported, and they have been recovered from traumatic vounds 
both civil and military 

As fat as we can determine, only one case of abscess of the /iver from 
which anaerobic streptococci were cultured is on record McDoiuld, Hen- 
thorne and Thompson® reported a case of perforated duodenal ulcer, repaired 
surgically Two and one-half months later, at necropsy, a huge subdiaphrag- 
matic abscess was found, and also multiple chronic abscesses of the liver 
The duodenal ulcer was entiiely healed Anaerobic nonhemol^'tic strepto- 
cocci, in pure culture, were grov n from the abscesses of the livei 
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Case Report — A D , white, male, age 19, was admitted to Harkness Pavilion of 
the Columbia Presbyterian Medical Center, April 14, 1941, complaining of chills and 
fever of four weeks’ duration On March 19, 1941, two days after playing football in 
the snow, he felt chilly, and was admitted to the college infirmary The followung da} 
he had a shaking chill and on subsequent days, had tw'o other severe chills There was 
persistent fever varying from 98 6° to 104 4° F , usually reaching a peak at 8 p m The 
patient awakened almost every day about 5 30 a m with a drenching sweat He suffered 
from anorexia, with concomitant w'eight loss During the first four weeks of his illness, 
he had a mild unproductive cough About April 2, 1941, two wrecks after the onset of 
the illness, he noticed a slight, inconstant pain in the right upper quadrant of the abdomen 
below the costal margin, which “caught” him when he breathed This pain was present 
for two da}s and then subsided only to recur six days later During the latter episode he 
complained also of constant pain in his right shoulder, made worse by deep inspiration 
The shoulder was not tender nor was it hot or swollen There w'as no history of diarrhea 
or of jaundice There had been no known exposure to enteric disease Pie had spent 
part of the preceding summer in Mexico, but otherwise had not been out of the United 
States He had taken no unpasteurized milk He had noted a small pustule on the back 
of the neck several months before the onset of his illness, which subsided wuthout drain- 
age There was no history of familial disease 

The past history included (i) pneumonia m 1930, complicated by bilateral otitis 
media, (2) serum sickness in 1930, following tetanus antitoxin, and (3) uncomplicated 
measles in 1934 Operations included several partial tonsillectomies, the last in 1930, as 
well as myringotomies m 1930 and 1933 He had been exposed to tubeiculosis in April, 
1940, by a maid in the household who had contracted pulmonary tuberculosis Physical 
examination at the time of college entrance m Septembei , 1940, revealed a well-developed 
young man, weighing 165 pounds, wnth no pathologic findings other than slight dental 
caries Dental roentgenograms in December, 1940, show'ed no abscesses 

The reports of the laboratory data w'hich were brought in with the patient weie as 
follows Hemoglobin ranged from 12 2 gm (84 per cent) to 13 5 gm (93 per cent) , 
RB C from 4,010,000 to 4,270,000, the WBC from 10,000 to 17,000, and the poly- 
morphonuclears from 72 to 85 per cent There was no eosmophilia, and there was a 
marked increase in the number of young polymorphonuclears Urinalyses showed normal 
findings repeatedly A single urine culture revealed B coh and StaphyIocoLCU<; albii'! 
Three blood cultures showed no growth Five stool cultures yielded no enteric pathogens 
Blood agglutination tests were negative for B typhosus 0 and H antigens, B paia- 
tvpJiosus, A, B, and C, B abotttis and vtelifcnsis, B piotcns X 19, and for the Forss- 
man antigen Roentgenologic examinations of the chest, spine, and tibiae w'ere negative 

No definite diagnosis had been made Therapy had included courses of sulfathiazolc, 
quinine bisulfate, and sodium salicylate These w'ere ineffective Because no improv ement 
took place the patient was transferred to the Harkness Pavilion, 26 davs after the onset 
of the illness 

Physical examination, on admission, revealed a well-developed, but thin, chionicallv 
and acutely ill young white male, who showed obvious weight loss and pallor, and no 
jaundice or petechiae Temperature 104° F, jiulse no, respirations 24, and blood pres- 
sure was 135/85 The right tympanic membrane was scarred There w'ere a few shottv 
posterior cervical lymph nodes Examination of the thorax revealed inconstant tender- 
ness over tlie 7th, 8th and 9th ribs on the right, and 9th, loth and nth ribs on the left 
Tins tenderness vv^as more marked on the right side Examination of the lungs dis- 
closed a short, inconstant friction rub over the 7th and 8tli ribs aiiteiiorh on the right 
side At times, on deep inspiration, the patient grimaced with pain and at these times 
the right chest expanded less than the left Abdominal examination showed right upper 
quadrant tenderness and slight spasm However, there was no costovertebral angle 
tenderness and the liver and spleen were not palpable Bv percussion the liver dullness 
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extended from the right 5th rib to the costal margin An mteresbng observation on 
subsequent examinations was the production of pam in the right shoulder with deep 
inspiration with the patient supine This phenomenon could not be reproduced with 
the patient in the sitting position 

Repetition of the blood counts, blood agglutination tests, urinalyses and stool examin- 
ations yielded essentially the same results as those made prior to admission Three blood 
cultures showed no growth after incubation under aerobic, anaerobic and CO2 conditions 
The blood chemistry findings are shown in Table I 


Taull J 


DLOOD CIIEMISTRV D^TA 



ilWii 

4/26/41 


Admission 

Preoper 

Serum inorganic phosphorus 

4 7 mg % 

4 6 mp % 

Serum phosphatase 

12 1 Bodansky U 

118 Bodansky L 

Serum bilirubin 

Very faint trace 

0 8 mg % 

N P N 

21 mg % 

38 mg % 

Serum cholesterol 

95 mg % 

113 mg % 

Free 


43 mg % 

Ester 


70 mg % 

Serum protein 

6 7 mg % 

7 5 mg % 

Albumin 

3 fi mg % 

3 7 mg % 

Globulin 

I 1 mg % 

3 8 mg % 

Euglobuhn 


0 9 mg % 


Cephahn flocculation test 


Bromsulphthalein test for 
liver function 


5/10/41 

6/25/41 

Postoper 

Before Discharge 


4 2 mg % 


4 6 Bodansky U 


29 mg % 

155 mg % 

167 mg % 

52 mg % 
103 mg % 

7 3 mg % 

4 5 mg % 

2 8 mg % 




5% retention of 
dye after 30 
minutes 


Additional studies included a plain him of the abdomen, which showed normal 
kidney, ureter and bladder shadows, but an indistinct right psoas shadow, the liver 
shadow was not enlarged and its lower margin was normal Six chest films and fluoro- 
scopic examinations showed normal diaphragmatic contours However, there was a 
diminished excursion of both domes of the diaphragm and the right dome was con- 
sistently less mobile than the left There was evidence of thickening of the right 
diaphragmatic pleura and a small amount of free pleural fluid was noted at the right 
lung base, but this latter finding was not constant 

CoHise — The patient was studied for 18 days, during which time he received two 
whole-blood transfusions He suffered repeated chills of varying intensity and the 
spiking temperature, ranging from 1002° to 1054° F, continued, as did the weakness, 
anorexia, and sweats An otolaryngologist was unable to demonstrate any focus of 
infection m the ears, nose, throat or paranasal sinuses 

Because of the chills and spiking temperature, the vague pains m the right lower 
chest and right upper abdomen, the continued prostration of the patient, the leuko 
cytosis, the disturbed blood chemistry, and the fluoroscopic finding of a consistently 
diminished excursion of the right diaphragm, a clinical diagnosis was made of a purulent 
infection near the right diaphragm, probably mtrahepatic The signs of right pleural 
irritation were thought to be secondary Solitary amoebic abscess of th'* liver was 
regarded as a possibility, and a course of emetine hydrochloride was given, l>ut with no 
effect Accordingly, surgical exploration of the right upper quadrant of the abdomen 
was deemed advisable 

Operation — May 2, 1941 (19 days after admission, and 45 days after the onset o 
the disease) Exploratory celiotomy was performed through a right paracostal incision 
On opening the abdomen it was found that the liver was much larger than had been 
appreciated preoperatively, and extended 4—5 cm below the costal margin On t it 
superior surface of the right hepatic lobe, an area of induration, 9 cm in its greatest 
diameter, was felt The dome of this indurated area felt softer than the surrounding 
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liver There were numcroub delicate adhesions between the liver and the diaphragmatic 
peritoneum There was no pus m the subphremc space There was no e\idencc of 
infection m the right perinephric region, m the right lumbar gutter, or in the sub- 
hepatic region The appendix appeared normal A diagnosis of a deeply situated 
abscess of the right lobe of the liver was made 

The right pth rib was resected directly over the suspected area on the superior sur- 
face of the liver The pleura was incised and immediately sutured to the diaphragm 
The diaphragm was then incised exposing the liver Two strips of iodoform gauze 
packing w'ere placed between the diaphragmatic peritoneum and the surface of the li\er 
The transpleural wound was packed with vaselined gauze The abdominal incision was 
closed without drainage Forty-eight hours later the packing w'as removed from the 
transpleural wound and a small suction trochar was introduced into the soft spot in the 
liver At a depth of 3 5 cm from the surface, 60 cc of yellowy-brown pus was encoun- 
tered The tract was enlaiged with the electrocoagulator, without bleeding A soft 
rubber catheter dram w'as placed into the cavity, and the wound w'as packed 

Com sc — A transfusion w^as given during the first operation and anothei foui dajs 
after the second operation Examination of the pus show'ed the presence of minute 
gram-positive cocci in chains, but no amoebae noi other parasites No chemotherapy 
was carried out The postoperatu e course was uneventful The w^hite blood cells fell 
progressively to 7,600, w'lth 53 per cent polymorphomiclears Hemoglobin and red 
blood cells remained at normal levels From the first day after the second-stage oper- 
ation the temperature remained below 101° F, and the tempeiature, pulse and respirations 
were normal fiom the 20th postoperative day The abdominal wound healed pet pitmavi 
There was profuse drainage from the abscess for 20 to 25 days, with gradual sub- 
sidence The patient was allowed up on the 44th postoperative day, and w’as discharged 
on June 26, 1941, 54 days after operation, m excellent condition, w'eighing 159 pounds, 
or SIX pounds under his average weight He has remained well When seen six months 
later he w^eighed i/S pounds, and had been attending college for tw'o months 

Bactcuology — Gram stain of the exudate showfed the presence of nianv pus cells 
and a small numbei of minute gram-positive cocci in chains Repeated examinations of 
fresh specimens failed to reveal the presence of amoebae, giardia, 01 other parasites 
All dark field examinations w^ere negative Aerobic 5 per cent sheep’s blood agar 
plates gave no growth Anaerobically howye\er, there w'as growth in dextrose meat 
broth and on the blood agar plates Smears from the broth show'cd the same gram- 
positive cocci seen on direct smear of the exudate The blood agar plates yielded a 
pure culture of the same organism The biochemical reactions of this organism cor- 
responded to those of the SUeptococens vitet lucdnis, of Prevot ■ The organisms remained 
strict anaerobes on repeated subculture Subsequent cultures of the pus also grew out 
this anaerobic nonhemolytic sti eptococcus 

SUMMARY 

1 This IS the fiist lepoit, as far as the authois have been able to deter- 
mine, of a pi unary, solitary abscess of the livei from tvhich a pure culture 
of an anaerobic nonhemolytic streptococcus was recovered Careful examina- 
tions revealed no apparent portal of entry of the organisms 

2 A brief review of the liteiature on the pathogenesis of the anaerobic 
nonhemolytic streptococci is piesented 

3 The inconstancy of the symptoms and localizing signs in this case are 
significant 

4 Pain 111 the shouldei \vith deep inspiration in the supine position and 
Its absence in the sitting position aie offered as a contributory sign in the 
diagnosis of abscess of the liver 
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5 The impoitance of routine anaerobic as well as aerobic cultures is 
emphasized by this case 
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The clinic 'VL importance of hepatic failure as a cause of collapse in 
ceitain cases following opeiation upon the bihaiy tract was first emphasized 
by Heyd (1924) Since then a nunibei of clinical and experimental articles 
on “liver death” and “livei -kidney failure” have appeared The papers of 
Boyce, Helwig, and associates, and Wilensky, are particulaily valuable foi 
their discussions of this somewhat controversial subject Fuitwaengler 
(1927) IS said to have been the first observer to report a case m which the 
possible relation between tiauma to the liver and the subsequent develop- 
ment of damage to the kidney was recognized Recently, Orr and Helwig 
(1939) diiected attention to the importance of the recognition of the “hepa- 
torenal syndrome” m ceitam cases of severe trauma to the liver Boyce’s 
monogiaph (1941) offeis an excellent leview of the subject of hepatic 
insufficiency 

The following case demonstrates some interesting clinical, physiologic, and 
biochemical obseivations made on a healthy young adult patient who received 
an injury limited to the liver 

Case Report — A male, age 20, was injuied m an automobile accident, September 
3 , 1940 The lower thoracic and upper abdominal regions were crushed between the 
engine and the front seat of the car Fifteen minutes after the accident he was brought 
to the hospital in profound shock — pale, cold, and restless — but conscious and complain- 
ing of abdominal pain Temperature 98° F, pulse 120, blood pressure 40/20 There 
were lacerations and abrasions about the face and mouth Generalized guarding and 
tenderness were present throughout the abdomen, most marked in the right upper quad- 
rant Peristaltic activity was diminished Treatment for shock included an intravenous 
infusion of 1000 cc of glucose solution, and a transfusion of 500 cc of citrated whole 
blood After six hours of observation his condition had improved and the blood pres- 
sure was 114/70 The abdominal pain and signs of peritoneal irritation had increased 
The pulse rate remained about 128, but was considerably improved in quality At that 
time, the hemoglobin content of the blood was 120 per cent, the red blood cell count 
565 million, and the white count 53,000 About six hours after the patient had sus- 
tained the injury, abdominal exploration was undertaken under ether anesthesia Another 
transfusion of citrated whole blood was given during the operation A deep laceration, 
about 10 cm in length, was felt in the dome of the right lobe of the liver It was 
bleeding freety and the abdomen was filled with blood, 1500 cc of blood was aspirated 
from the abdominal cavity, but autotransfusion was not performed as the blood con- 
tained bile The laceration in the liver was inaccessible for suturing, and a large, hot, 
Rioist pack was inserted into the defect, while the remainder of the abdomen was 
explored, but no further injury was found The pack was removed and the bleeding 
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liad ceased A Penrose drain was placed to the laceration in the Iner and brought out 
through a small separate wound in the right lateral subcostal region The abdomen 
was then closed The operation lasted 53 minutes and was tolerated fairly well The 
patient reacted from his anesthetic in the usual length of time His pulse and blood 
pressure were within noimal limits for several hours, and during this early postoperative 
period he voided a total of 240 cc of normal ui me Shortly after the operation, the 
temperature was 1034° F, and it remained at about this level until the next day ' On 
the morning aftei the operation the patient appeared weak, the pulse was verj rapid 
and of poor volume (uncountable), and the blood piessure had fallen to 88/55 That 
afternoon he became wildly delirious and the temperature rose to a maximum reading 
of 107 8° F rectally , the extremities were cold and cvanotic, the pulse was barely dis- 
cernible, and the svstolic blood pressure varied from 70 
to 80 The abdomen remained flat, soft, and without ten- 
derness There was no urinary output for 19 hours, and 
catheterization yielded only 50 cc of dark urine contain- 
ing a trace of albumin and an occasional cast The non- 
pi otein nitrogen in the blood was elevated to no mg pei 
100 cc of blood Parenteral fluids, glucose and physio 
logic saline were given and continuous oxvgen inhalation 
therapy was pioMded Three transfusions each cons st- 
ing of 500 cc of citiated whole blood, w'cre given over a 
period of several hours Sedation was accomplished with 
paraldehvde FoUowung the first of these transfusions 
the blood pressure w'as increased to 100/80, and the urin- 
ary output gradually began to increase The temperature 
declined to 103“ F , and remained around this level for 
tlie subsequent three days and then graduallj became 
normal He w’as comatose and restless during the first 
tw’o davs of the reaction and then rather suddenly became 
mentally clear The abdomen remained soft and non- 
tender throughout the entire postoperative period There 
W'as no further hvpotension or oliguria and the azotemia 
decreased rapidly A few' red blood cells appeared in the 
urine on the second day after operation and such cells 
w'ere found thereafter for several davs Albuminuria w'as 
present for six or seven days and then disappeared Tests 
of the liver and kidney function by excretion of dye were 
not performed until the fifth postoperative day and at 
that time they w'ere w'lthin normal limits Mild clinical icterus developed and the icteric 
index was 38 units on the third day following the injur3', 21 on the fourth postoperative 
day and 12 on the fifth dav The prothrombin time was estimated as 80 per cent of 
normal on the third day and 100 per cent on the fifth During the first day a considerable 
amount of bile-tmged serous fluid soaked the dressings covering the drainage W'ound, 
and a moderate amount of clear bile drained for several days thereafter There was no 
evidence of bleeding from the drainage w'ound at any time after the operation After a 
stormy course during the first four days, the patient made a good recovery He w'as 
discharged from the hospital, October 7> I940, and has remained w'ell Chart I and Table 
I show the more important laboratory determinations that w'ere made during the critical 
part of his illness The severity of the illness, and the urgent need for active treatment 
necessarily limited the laboratory studies * 

* The biochemical determinations were done by Mrs Ruth Nelson Cornell m the 
laboratory of Dr Raymond Reitzel 
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LABORATORI data in the CAbC 01 A PATIENT WITH SEVERE LIVER TRAUMA WHO DEVELOPED COI LAPSE WITH 
VERA HIGH TEMPERATURE AND OLIGURIA ON THE DAA EOLLOWING HIS INJURA THE 1 1ST INCLUDES THOSE 
EXAMINATIONS THAT MERE MADE DURING THE EIRST SIX DAAS 


Blood 

Date 9 

-1-40 9 

1 

O 

9-1-40 

9-6-4 j 

9-7-40 9 

1 

DO 

t 

O 

Hemoglobin (14 i g = 100%') 


120% 

93% 

93% 

76% 

79% 

— 

Erythrocytes (millions per cu mm ) 


5 61 

— 

4 30 

3 90 

4 60 

— 

I eukoevtes (number per cu mm ) 


13000 

19000 

14000 

10000 

19000 

' 

Urtnc 

Specific gravit> 

Albumin 


QNS 

1 022 

Trace 

1 027 
Trace 

1 028 
Trace 

1 026 
Trace 



Casts 


— 

F ew 

Few 

Few 

F'ew 

— 

Red blood cells (per h p f ) 


0 

0 

2 

5 

10 

10 

Urobilin (Schlessinger s test) 


— 

— 

0 1 10 

+ 1 1 

+ 1 40 

— 

Bile 


— 

0 

0 

0 

0 

— 

Blood Chemistrv 

Nonprotein nitrogen (mg %) 


— 

no 

83 

48 


41 

Creatinine (mg %) 


— 

— 

2 6 

— 

2 9 

— 

Plasma chlorides (mg %) 


— 

661 

679 

— 

— 

62 1 

Serum protein (Gm %) 


— 

4 11 

5 42 

5 10 

— 

1 21 

'=erum albumin (Gm %) 


— 

1 56 

4 36 

4 20 

— 

1 62 

Serum globulin (Gm %) 


— 

0 99 

1 06 

0 90 

— 

1 6.' 

Icterus index (units) 


— 

— 

38 

— 

21 

12 

Glucose (mg %) 


— 

— 

112 

— 

— 

— 

Plasma cholesterol (mg %) 


— 

— 

119 

— 

— 

— 

Prothrombin time (H P Smith method) 

— 

— 

— 

80% 

— 

100% 

Rose bengal (retention in serum) 8 minutes 

— 

— 

— 

— 

— 

63% 

(liver function test) 16 minutes 

— 

— 

— 

— 

— 

43% 

Phenolsulfonphthalein excretion (2 

houis) 

— 

— 

— 

— 

— 

65% 

(kidney function) 

Fluid intake (watei glucose S. saline ■ 

— cc ) 

2000 

2000 

3000 

4800 

4600 

3600 

Transfusions (citrated whole blood — 

cc 1 

1000 

laOO 

850* 

— 

— 

— 

Urinarj output (cc ) 


670 

700 

1250 

1270 

1880 

2170 

• Plasma 

The clinical and pathologic 

changes 

that 

OCCUI in 

the ‘ hepatoi enal 

syn- 


drome” have been collected and desciibed by Boyce, and by On and Hehvig 


These changes aie most likeK to follow extensive ciushing or gunshot injuries 
of the liver lather than stab oi incised Avounds In some of these cases of 
severe tiauma to the livei, hypeipyiexia and alteiations in the blood chem- 
istiy follow the injury m a few hours The use m tempeiature is often A^eiy 
high and is associated wnth a lajDid, weak jDulse Restlessness, collapse and 
deliiium may accompaii) the high febrile leaction 

The alterations in the blood chemistiv often ajDj^eai eaily and usually 
consist of an increase in the nonjnotein mtiogen and creatinine Icteius 
may occui The blood glucose caibon dioxide combining jDow^er, cholesteiol 
and plasma chloiide leA'^els have not been alteied in the few cases m wdiich 
the}"^ have been detei mined 

Alteiations in lenal function aie likely to occui also and may appear 
eaily, as in our case, oi be delayed Oliguria, or anuiia, and the ajDpeaiance 
of 1 ed blood cells w bite blood cells casts and albumin in the ui me ai e the usual 
findings 

In the case lepoited the elevation in hemoglobin and numbei of eiythio- 
cytes (i20 pel cent hemoglobin, 565 million led cells) on the day of the 
mjuiA was |Diobabl\ the lesult ol hemoconcentration that accompanies shock 
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There was no evidence of such concentration during the period of collapse 
which occurred the day following operation when the extreme hyperpyrexia 
was present The diminution in the level of plasma protein m the blood (4 55 
Gm pel 100 cc of blood) on the day following the injury most likely 
resulted from loss of plasma fiom the blood stream by reason of shock and 
hemorrhage The plasma piotein levels might well have been lower had not 
tiansfusions of blood and plasma been given 

The ciitical condition of patients with seveie mjuiy to the liver, and 
the urgent necessity foi active theiapy, have made it difficult or impossible, 
as in the case described above, to perform tests of liver function early m 
the couise of the illness The pronounced oliguiia rendered the simple intra- 
venous hippunc acid test impossible of performance, and the necessity for 
multiple vempunctuies almost prohibits the use of the dye excretion or serum 
bilirubin tests while active therapy is m progress Perhaps future cases of 
less seveie trauma to the livei will peimit more adequate examination for 
distui bailees of hvei function by'- serial Quick (hippunc acid) tests The 
rose bengal excietioii test made on the sixth day (Table I) on the case 
heiewith reported, indicates remarkably good hepatic excretory function at 
that time, and the phenolsulfonphthalem test done on the same day shows 
evidence of good lecovery of renal function The piothrombin time of the 
blood was 80 per cent of normal on the third day following the injury 
and loo per cent on the fifth day' These determinations were made rela- 
tively late, after numerous transfusions of blood had been given 

The pathologic changes in the livers of patients who have died of the 
traumatic “hepatorenal syndrome” are said to be degeneiative, consisting 
of edema and neciosis, and to be confined piincipally to the cellular por- 
tions of the traumatized region Diflfiise, degenerative renal lesions have 
also been desciibed and aie usually gieatest in the convoluted tubules 
Orr and Helwig attempted to explain the “hepatorenal syndrome” fol- 
lowing trauma to the liver by suggesting the possibility that a soluble toxin 
IS produced as a result of necrosis of the liver and that this toxin may 
produce injuiy' to the kidney They' commented, however, that the explana- 
tion of the causative factoi or factois and the mechanism of tlieir action 
upon the liver and kidney's must be detei mined by' future investigation 

Apparently', Boyce also believes that a toxin is elaborated as a result of 
the degeneration of injured liver tissue (liver autoly'sis) but feels that the 
renal injury may be due to an “inciease of its noimal detoxify'ing duties, 
which aie increased by failure of the detoxitying function of the liver, 

1 ather than by any specific action of the toxin ” 

Collei, in his discussion of On and Helwig’s paper (i 939 )» suggested 
that the azotemia and oliguria might be explained entirely on a basis of such 
alterations in physiologic processes as shock, dehydration, alkalosis, hypo- 
chloremia, hy'ponatreniia, etc , rathei than by' the action of a specific toxin 
generated 111 the damaged livei Other authors have suggested the possible 
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role of anaphylaxis and of infection, in attempting to explain this condition 
The sequence of events and the findings in oui case appeal to justif} 
Its designation as an example of the so-called “hepatoienal syndrome” fol- 
lowing hepatic trauma The patient was a young healthy adult He sus- 
tained an injuiy in which the trauma apparently involved the hvei exclusively 
This injury was accompanied by inti a-abdominal hemoiihage and profound 
shock Aftei a favoiable i espouse to theiapv foi shock, celiotomy was jjei- 
formed undei ether anesthesia Theie was piofuse bleeding tiom a long 
deep laceiation in an inaccessible pait o1 the light lobe of the liver, which 
was conti oiled by the tempoiaiy application of a hot moist pack Following 
the opeiation the patient leacted w^ell at fiist, although the temperatuie 
remained aiound 103° F About 30 hours aftei the injuiy an unusual 
clinical pictuie developed chai acterized by hypeip^iexia (highest 107 8° F ), 
lapid pulse of pool volume, hypotension (systolic pressuie fiom 70 to 80), 
ohguiia, retention of nitiogen, cold moist, cyanotic skin and dehiium with 
great restlessness evidenced by wnld thrashing movements Theiapy con- 
sisted of continuous inhalations of oxygen and infusions o1 wdiole blood, 
plasma, glucose and physiologic saline solutions Aftei a stoimy con- 
valescence of seveial days the patient lecoveied completely There was no 
evidence of infection, and nothing to suggest anaphylactoid or tiansfusion 
1 eactions 

Speculation legaidmg the leaction that occuiied 111 this case brings up 
the possibility that shock with hypopi otememia, diminished blood volume wuth 
decreased ciiculatoiy efficiency and hypoxia in the body tissues, including 
those of the livei and kidneys, may well have played a contnliutory part in 
the syndiome that follow^ed The trauma of the exploiatoiy opeiation, the 
application of the hot pack to the damaged hvei, and the use of ether as an 
anesthetic agent must also be consideied as possible conti ibutoiy factors in 
this case Hypochloi emia w^as not piesent, noi did On and Helwng find 
It in their cases We feel that dehydiation piobably did not play a pait in 
this case, although the fluid intake during the fii st tw o 24-hour periods w^as 
not high (3000 and 3500 cc , lespectively including the blood transfusions) 
Infection appaiently played no part At no time aftei opeiation w^eie theie 
signs of peiitonitis, infection in the w^ound 01 infection in the Inle which 
di allied Anaphylaxis and tiansfusion ‘‘leaction’ w^eie considered but thought 
to be veiy unlikely 

The possibility that some othei factoi (01 factois) may be responsible 
foi the pioduction of this sudden, violent “hepatorenal syndrome” wFich 
sometimes follow^s severe tiauma to the hvei must also be considered It 
may finally piove to be some series of physiologic and biochemical altera- 
tions, as suggested by the discussion of Collei Oi peihaps it is the soluble 
nephrospecific toxin oiigmating in the liver, as suggested b} On and Hehvig, 
or a toxic pioduct of autolysis of the liver as postulated by Boyce At present 
the final explanation is not evident 
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VVhatevei the chief cause of the “hepatorenal reaction may eventualh 
piove to be, at the piesent time the prevention and treatment of this syn- 
drome would appear to be best directed toward the coi rection of those aspects 
of the physiologic and biochemical alterations that are now known, even 
though they may prove to be only contnbutoiy factors The active' treat- 
ment of shock with transfusions of blood oi plasma given lepeatedly and in 
huge amounts if necessaiy to leplace lost blood restore the blood piotein 
level and theieb} maintain adequate blood volume and cii dilatory efficiency, 
IS of pi imai y impoi tance T i ansfusions also provide protein and prothrombin 
in leadily available form if deficiencies develop An atmosphere rich in 
oxygen should be provided m older to insure, if possible, adequate oxygena- 
tion of the tissues, including those of the liver and kidney The intake of 
fluid must be carefull}^ and correctly determined , enough but no great excess 
of ciystalloid solutions is jDiovided Hypocbloremia has not been a factoi 
111 these cases The lequirements for sodium chloride solutions aie, therefore 
only foi maintenance unless, foi some other leason, vomiting for example 
deficiency should develop “Glucose is the sheet-anchor of therapy in pa- 
tients with hepatic and bihaiy tract disease ’ (Boyce) This probably holds 
ti lie toi acute trauma to the liver as well as other conditions affecting its func- 
tion and glucose should therefore, be provided in reasonably large amounts 
Evei> infusion of fluid (except the blood transfusions) given mtravenousl} 
to the jiaticnt vith this type of tiaiima should probabl}" contain glucose 
physiologic saline is included m some ot the infusions m amounts sufficient 
to provide foi the calculated need for sodium chloride Since there is some 
indication that dehydrochohc acid (Decholin) theiapy may improve function 
of the liver vhen it is depiessed (Boyce) and probably that this therapy 
causes improved function of the kidneys thiough improved hepatic function, 
it would appear reasonable to tiy it m these cases of seveie injury to the 
livei It was not used in the authors’ case 

The operation to be performed in cases of seveie trauma to the liver has 
been adequately discussed elsewhere Many factors determine the decision 
as to whether or not to operate, the selection of the propei tune for operation, 
and the procedure to be earned out The importance of shock and hem- 
orrhage, the type and probable extent of the injury to the liver, and the pos- 
sibility of othei internal injuiies must be carefully consideied m each case 
Ordinarily we should treat shock and then operate as soon as a reasonably 
favorable response is obtained Occasionally, however evidence of con- 
tinuing internal hemorrhage may necessitate operation after therapj foi 
shock has been followed by little or no improvement m the patient’s condition 
In this connection the use of transfusions of blood before, during and aftei 
operation may be of considerable assistance Oxygen therapy is also em- 
ployed, and the anesthetic agent should be selected and administered with the 
idea of adequate oxygenation m mind It is probabl) superfluous to advise 
that the least possible tiaiima be inflicted upon the patient and especialh the 
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already damaged liver, during the course of the opeiative manipulations 
The question of whether to suture the livei, pack it, leave it alone, or pos- 
sibly resect the damaged portion (as suggested by Tinker, and Boyce) must 
be decided in each case, depending on the condition of the patient and the 
location and extent of the injury In some cases it may be possible and 
advisable to sutuie lacerations m the liver Packing should be avoided, if 
possible, as it almost always leads to infection, oi secondary bleeding, if it is 
left in place foi any considerable length of time In cases m which the 
neciosis is extreme, Boyce advocated resection of the tiaumatized hepatic 
tissue as an attempt to pi event “intoxication” fiom “hvei autolysis ” He 
mentioned the probable value of the thrombin spiay of Wainei as an effective 
means of hemostasis during resection of the liver His thesis is interesting 
and the procedure of resection of tiaumatized hvei may become a reasonable 
one, if the idea pi oves to be as ti ue as it appears to be from his experimental 
and clinical observations The critical state of the patient from shock and 
hemorrhage, and the extent and location of the injury to the liver are factois 
that must be considered, in addition to that of hemostasis in the liver, befoie 
resection of tiaumatized liver is undertaken The duiation of the operation 
IS also a matter that may influence the outcome in a case of severe injury 
to the hvei Even though the surgeon is trained in the niceties of the Halsted 
method of surgical proceduie in which gentleness, deliberation and thoiough- 
ness become habitual through many yeais of tiainmg, he may be inclined to 
agree with Boyce, who also cited Prey and Foster, that the opeiation m 
cases of seveie trauma to the hvei should pioceed as expeditiously as is 
reasonably possible, mainly in order that the patient be spared the effects of 
prolonged anesthesia Thoroughness, gentleness, and hemostasis, howevei, 
should not be sacrificed foi the sake of shoi tening the operating tune because 
shock may be piecipitated oi inci eased by lough handling and extia bleeding, 
and dangerous injuries to othei visceia may go uudiscoveied in i:)ei functoi > 
exploration of the abdomen 

SUMMARY 

A case of severe trauma to the liver accompanied by shock and hem- 
orrhage is lepoited After favorable response to theiapy for shock and 
operation foi contiol of hemoirhage the patient responded well for seveial 
hours The following day about 30 houis after injur), he developed extieme 
liyperpyi exia, azotemia, oliguria, collapse Mith cold, moist, cyanotic skin, 
hypotension, rapid thiead) pulse and delmum The mam pait of his treat- 
ment consisted of tiansfusions of blood and j)lasma. continuous inhalations 
of oxygen and jDaienteial glucose theiapy The patient lecovered 
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PLATYBASIA WITH INVOLVEMENT OF THE 
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Platybasia (synonyms — basilai impiession, basilai invagination) is a 
deformity of the occipital bone and the upper cei vical vertebrae The natui e 
and degree of the deformity vanes gieatly but, essentially the foiamen mag- 
num IS displaced upward into the cianial cavity and the upper cervical verte- 
brae are dislocated upward and forwaid into the cranial depiession In the 
majoiity of cases the deformity is due to a congenital defect in development 
of the occipital bone, atlas and axis, but in a smallei numbei the deformity is 
acquired as a lesult of some pathologic process that occuis m the bones of 
the region 

In platybasia the relative location, size and shape of the foramen magnum 
as well as that of the uppei cervical canal is altered, and the posteiior cianial 
fossa IS diminished in capacity In some this may not produce untowaid 
symptoms at any time m life In others, it may be associated eithei with 
congenital anomalies of the neivous system oi be the direct cause of piogres- 
sive nervous changes, sometimes both conditions exist The resultant clini- 
cal manifestations may be confused, piincipally, wnth those occurimg in con- 
junction with neoplasms of the posteiioi fossa oi uppei cei vical canal, hydro- 
cephalus, syiingomyeha, syiingobulbia, multiple sclerosis and spmocerebellai 
disease 

The foul cases repoited heie will serve to demonstiate various etiologic 
factois, the structural changes and the nervous manifestations associated wuth 
platybasia The results of opeiative decompi ession indicate the value of 
operation m alleviating symptoms and in staying the progiess of the changes 
in the nervous system t 

Case 1 — PJafybasw and congcntfal dcfonuity of the uppei thiee cei vical vet tc- 
brae Nemologtc signs mtcipicted as midfiplc sclciosis appealed at age 31, and pio- 
gressed to maikcd disability Opeiative decompi ession of the ceiebelliiin and uppei 
cord ivas follozved by consideiablc nnpi ovcineiit and pai tial i ehabilitation aftci two ycais 

H DeS , white male, age 37, was admitted to the New York Hospital, January 
23, 1940, complaining of weakness of all extremities, progressing for six years, almost 
to complete incapacitation 

In 1934, he first noticed weakness and clumsiness in the right upper extremity 
Piior to this time his history had been unremarkable Later in the same j'ear his gait 
became staggering and he had sensations “akin to numbness” in his right hand and toes 

t Only the first three cases were presented at the meeting of the New York Surgi- 
cal SocietY 
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He was fiist e\aniinecl in this hospital in October, 1936, uhui he nas fnimr) u- 
coarse horizontal nystagmus, loss of fine motions, and weakness m the right hand im- 
paired discriminatory sense m the right hand, sluggish abdominal reflexes unsteadi 
gait inability to stand with feet together, unsustained ankle clonus bilaterally, and a 
positive toe-stretch and Chaddock sign bilaterally Cerobrospinal fluid findings were 
noimal A tentative diagnosis of multiple sclerosis was made The same diamiosis 
was made in two other clinics during the ensuing foui vears, and he became steadiK 
vvoise under various forms of tieatment 



^ic I — C T'C I Pliotogivpli sliouiiijr 1 Fig 2 — Cvse i Latei il roeiifgetio 
nnle ngc 17 with coiigenitvl |)lit%basn pnni showing nidimenton deielopnient of 

the occipito ithnto a\nl legion “occipital 
ization’ of the atlas upward dislocation of 
the odontoid process and fusion of the set 
Olid and third lertebiae 

111 1940, when leadmitted to this hospital, the weakness and clumsiness in the c\- 
ti emities had piogressed to the point where he vv'as totally unable to dress himself, and 
even had great difficult)^ m feeding himself He walked w’lth a broad staggering gait 
lequirmg the paitial support of another person Vision often became blurred particu- 
larlj^ if he looked downward 01 sidcwnse Vertigo occurred regularh on changes m 
position of the head He also found that movement of the head caused a dull aching 
pain in the neck and back of the head 

Physical Examination — The patient was heavih built and tended to be obese The 
neck was short and thick and the head appeared to be thrust foivvard (Fig i) Speech 
W'as slightly dysarthric There vras coarse nvstagmus on moving the eves in any direc- 
tion The tongue deviated to the left Other functions of the bead and nttk w'crc 
normal 

In the upper extremities there was weakness in the hand grips more pronounced 
on the light Rapid rhythmic mov'ements were badly performed Point to point tests 
were giosslv dv'smetric The deep reflexes were verj active and there was a positive 
fingei -stretch reflex bilaterallj Tw'O-point discrimination, identification of objects bv 
feel, and position sense vvere absent in both hands \ihratoiv sense was dimiiiislitd 
Other forms of sensation were noimal 

Sensation over the trunk vv^as normal The abdominal reflexes were sluggish and 
quickly exhausted 

In the lower extremities alternating movements and point-to-point tests were poorlv 
performed Gait was slovy, staggering and broad based Standing vv ith feet together 
was impossible The knee and ankle jerks on the left vvere exaggerated Plantar 
responses vvere abnormal bilatenlh There was marked iinpaii nieiit of poNition ,ind 
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I'lr 3 — C ihi. I ( \.) View with cUiru o\ei ctichclhnn jiiitK cNpo'.cd bliuwiiiK 
tliickiicss of the occipitTl bone it the fonmen nncmim due to “occipitnlizntion 
of the ntHs The nich of the inis ii, T:\ninietrical 3nd its lumen inrrowed 
(U) \ lew nftei openiiifr the dun showing flittening of the eerehelUnn, mrrowinp 
in rei,ion of the foimien imgmiin ^trophIC nppe inncc of the uppci eord ^nd 
tnnsxeise erooxe ucioss cold ut the lexel of the irch of the inis 
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vibratory sense and moderate impairment of deep pain sense 
normal 
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Roentgenograms (Fig 2) showed absence of a discernible first cervical vertebra 
due probably to its partial fusion with the occipital bone, thickening of the posterior 
margin of the foramen magnum , moderate protrusion of an abnormally long-appearing 
odontoid process into the foramen magnum , partial fusion of the laminae and bodies of 
the second and third cervical vertebrae 

Ope>afto,i —January 27, 1940 (Fig 3) Local procaine anesthesia was employed, 
and a suboccipital and upper cervical decompression was performed The attachment 
of the occipital muscles was low on the skull and evposure of the occipital bone was 
difficult The foramen magnum appeared unusually small, and the bone about it unusually 
heavy A flange of bone existed on the right margin oL the foramen magnum, the 
result of fusion of the lamina of the first vertebra The arch formed by the laminae 
of the second cervical vertebra appeared to be unusually narrow and to constrict the 
dura After removal of a fairly large segment of the occipital bone, the foramen mag- 
num was opened widely and the first two (second and third) cervical arches were also 
removed The dura, particularly at the level of the foramen magnum, was abnormally 
thick (2 to 3 mm ) and tended to constrict the structures wnthin it After the dura 
was opened over the cerebellum an upper cord examination showed the flattened vermis 
and hemispheres of the cerebellum The cisterna magna did not exist The cerebellar ton- 
sils weie small and atrophic The upper part of the exposed cord was void of its nor- 
mal configuration and the pia arachnoid was adherent At the lei el of the first intact 
vertebral arch there was a transverse groove in the dorsal surface of the cord that had 
a brownish pigmentation as though resulting from pressure of the neural arch Below 
this point the cord appeared normal The wound was closed but the dura was left open 
for decompression 

Postope) ative Couise — Recovery from operation w'as uneventful and three weeks 
after operation the patient w^as thought to be improved, in that there was less discom- 
fort in the neck, the "feeling of heaviness” in the upper extremities was less, position 
sense m the upper extremities w^as improved, and there was greater steadiness m stand- 
ing and w^alking 

FoUozv-Jjp — In the tw'O years follownng operation improvement was gratifying 
He was able to dress himself, wmlk about without assistance, and work with tools as a 
handy man- He was free of discomfort in the neck and of vertigo Examination showed 
that none of the motor or sensorv changes observed prior to operation had disappeared 
but all w'ere improved 

Comment — The steady piogiession of the nemologic symptoms during 
the six yeais the patient was undei observ^ation was striking The role of the 
craniovertebi al compression of neivous structures as a cause of the symptoms 
and the value of decompi ession, are incontrov^ertible m vnew of the marked 
improvement that followed operation There is no reason to doubt that the 
skeletal anomaly was congenital but just why symptoms did not appear before 


age 30 is not obvious 

Case 2—Plafybasia and congenital defonmtv of cervical spine Neurologic signs 
simulating syi ingoniyclia zvete slozuly piogicsswc for 16 yeais Opciatwe decompression 
of the cciehelluni and upper cotd zuas follozvcd by iinpi oveincnt 

G J , white, male, age 43, was admitted to the New York Hospital, July 7, I94i. 
complaining of impaired sensation and recurring infections m the fingers of the left hand 
During childhood he had severe rickets, as did several other children in Ins arge 
familv Otherwise his health was not noteworthy until 1023 (at age 2/), when he 
developed painless infections in two fingers of the left hand and the last phalanx o ea h 
was amputated The ends of two other fingers of this hand were lost under 
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circumstances during later years Because of an inteetion in the lett thumb he was hrst 
examined m this hospital m 1939, when he was found to have deformity and musculai 
atrophy of the neck, possibly slight w'astmg 111 the muscles of the left hand, absent tendon 
reflexes in the upper extremities, and impaired pain and temperature sense in the neck 
and upper extiemities, more pronounced on the left Cluneal Diagnosis Syringom3^elia 
When admitted to the hospital in 1941 he added to his previous complaints those of 
more recent periods of vertigo, drooping of the left shoulder, increase m his neck-size 
and unsteadiness when w'orkmg on scaffoldings 



Fig 4 — Case 2 Lateral roentgenogram showing long, narrow shape of 
the cranial cavity, prominence of the petrous ridges, upward displacement of 
the clivus blumenbachii, inclusion of the arch of the atlas in the foramen 
magnum, and upward displacement of the odontoid process 

Physical Examination — The patient was of short, muscular build The neck W'as 
shoit, thick and asymmetrical The head w'as large in its bipanetal measurement, and 
W'as held with the chin tilted to the left There was slight limitation of motion in turning 
and extending the head on the neck The left shoulder drooped, the angle between it 
and the neck w’as obliterated and the left sternocleidomastoid muscle was w'eak There 
was a long S-shaped scoliosis involving the cervicodorsal spine There w'as slight wast- 
ing as w'ell as fibrillations of muscles in the neck and shouldei girdle on the left 

There w'as coarse nystagmus on lateral movement of the eyes, more pronounced on 
looking to the left The protruded tongue deviated to the left and speech was slightlj' 
dvsarthnc There w'as impairment of pain and temperature sense over the posterior 
part of the head, neck and shoulder on the left Other functions of the head and neck 
W'cre normal 

In the upper extremities the onlj' demonstrable palsj was slight w'asting of the 
muscles of the ulnar side of the left hand The tendon reflexes were absent bilaterallj 
I here w'as partial to total loss of pain and temperature sense in the left extremitj and 
slight impairment of these sensations in the right Othei forms of sensation were pre- 
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Fic 5 — Case _ (A) T\i)e of operati\e iiicibion (B) \ n-u with occipitnl bom 

111(1 upper three cenicil \ertebrae exposed shoumg isjninietrj md concaiitj of occip 
ital bone, and pirtial inclusion of the arch of the itlas in the fonmen iingnum (C) 
View after opening the dura sliouing compressed appearance of the certbelliiiii hcriii i 
tion of the cerebellar tonsils, narrowing of the fonmen magnum, an iberrint irtcrs 
md bulging it the junction of the mediilli md cord 
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served Ihe distal phalanges of all but the thumb on tlie lett wcie absent while the 
thumb was swollen, deformed and ulcerated 

Sensation over the trunk was normal and the abdominal refleves weie absent In 
the lower extremities the findings were normal but for a positive Romberg sign and 
impairment of position sense in the feet 

The cerebrospinal fluid pressure, manometric studies and laboiatoii tests weic 
normal 

Roentgenogiains (Fig 4) show^ed paitial fusion of the bodies of the fifth and sixth 
teivical veitebiae, piotrusion of the odontoid piocess into the foiamtn magnum, paitial 
inclusion of the neuial aicli of the atlas inside the foiamen magnum, unequil prommciue 
of the petrous iidges, and tipwaid displacement of the clivus lilumenbachii 

Opeiation — August 8, 1941 (Fig 5) Under ethei anesthesia, a suboccipital and 
upper cervical decompiession ivas performed The skull hetw'een the inion and the 
foramen magnum w^as flattened and slightly concave The middle ridge of bone w'as 
displaced to the right indicating an asymmetrj of the posteiioi fossa The neural aich 
of the atlas was almost hidden inside the foiamen magnum A segment of the occipital 
bone was remo\ed and the foiamen magnum opened wndely The aiches of the fiist 
three cervical veitebiae weie also removed The dm a, w^hich at the foiamen magnum 
was found to he thiee to foui millimeters thick, w'as opened to expose the cerhellum 
ana uppei cord The ceiebellar hemispheies had a flattened and atrophic appeal ance Neai 
the foramen magnum theie was no space for the cisteina magna, as the dura w'as 
tightly apposed to the cerebellum and to small tips of flattened cerebellar tonsils that 
had herniated thiough the foiamen and fitted snuggly against the coid The uppermost 
portion of the coid bulged slightly in its posterioi aspect, and an aberiant arterv curved 
ovei It to the right This pait of the coid piobably lepresented an heteiotopia, foi neithei 
it nor the normal appearing cord below' it as fai down as the fouith segment felt cvstic 
or yielded fluid on aspiiation with a hue needle 1 he Loni‘'e of the first thiee pans ot 
cervical neive roots was iiotmal but the spinal aecessori nerves, paiticulaily the left 
w'ere subjected to eonsideiable pressure in the constricted legion of the foramen mag- 
num There w'eie no extensive aiachnoid adhesions and it did not appear that the spinal 
fluid pathw'avs w'eie thus olistiucted The w'ound was closed but the dm a w'as left open 
for decompiession 

Postopciativc Com sc and FoUow-Up — Recover} fiom opeiation w'as uneientful 
and the patient resumed w'Oik as a carpentei one month latei Three months aftei 
operation he loluiiteered that he felt steadier on his feet and less clunisi in his uppei 
extremities than he had foi several veais No special impiovement could be demon- 
strated on examiiidtion 

Comment — The etiology of the platylmsia in this case, in view of the 
coexistence of fused ceivical veitebiae, ivas piobably a congenital defect in 
development of the occipital bone Rickets has been mentioned bv otheis as 
cl theoietic etiologic factoi m plat}basia, but its lole in this case is doubtful 
The majoiity of the nettiologic findings might be attiibuted to s}nngomy- 
eha 01 syi mgobulbia, and sometimes these congenital conditions have been 
found to be associated w'lth development defects of the cranioveitebial skele- 
ton Howevei no syiinx could be discoveied at opeiation and it is hkel} 
that at least some of the neurologic changes weie the diiect lesult of the 
cianial deformity 

Case 3 — Plat\'ha<na dcz’clopuig bituccu ibi fomlh and tx\.cljth Mats in a child x>.itli 
ostcogmcsis inipiifccta Plcitiologic signx appcatid insidionxlv ajtii agi ten Opciaiix'C 
dtioinpusswii’! o\ flu ccubLlliiin and iippci coid Tcn? fallox^cd b\ inipi ax’cnuni 

A AI , white, female, age 12, was admitted to the New Yoik Hospital, Tunc 9, 
1041 because of cellulitis of the leg 
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Ihe girl had first been examined m this hospital for fractured tibia when she was 
our years old She had had a spontaneous fracture of the humerus in the first month 
of life, and had had a succession of at least 20 additional fractures during the succeeding 
four years A diagnosis of osteogenesis imperfecta was made and various forms of 
treatment were employed while she was being followed periodically in the Out-Patient 

Department The frequency of fractures diminished and none had occurred after 
age eight 

^t the time of admission to the hospital m 1941 , it was brought out in the history 
that for a year or more speech had had an indistinct and monotonous quality Also, there 
was occasional choking and difficulty 111 sw'allowing liquids 

Physical Ex animation —She wms of average size and development for her age How- 
ever the neck was rathei short and broad and the head was held with the chin tilted to 
the left The head was unusually broad in its biparietal measurement The sclerae w'ere 
blue There w'as n3'stagmus on lateral gaze and w'eak convergence of the eyes The 
tongue was protruded to the left, and on the left side was markedly atrophic , there were 
also fibrillations and atrophv on the right side of the tongue In addition to thickness, 
the speech had a nasal qiiahtv' and the palate mov'cd pooilv Other functions of the 
head and neck w'ere noimal 

There were numerous deformities of the extremities, results of former fractures, 
but most of these were insignificant Motility functions were fairly good except for 
moderate incoordination in point-to-point and rapid rhj'thmic mo\ ements in the upper 
extremities Station and gait w'ere not remarkable The deep reflexes on the right were 
more active than on the left, and the right plantar response was abnormal Sensation was 
everywhere normal but for reduction in position sense in both great toes 

Roentgenograms taken at various times of life had shown the decreased calcium con- 
tent of all bones — characteristic of osteogenesis imperfecta The configuration of the 
skull and crvical spine was normal in 1933 (Fig 7) The skull plates, taken in 1941 
(Figs 7 and S'), however, showed the vault to be widened and flattened and the floor 
of the skull behind the sella turcica was inv'aginated, especially above the atlaiito-occip- 
ital articulations The ceivical v’ertebrae w'cre not deformed but the atlas was parth 
hidden in the invmgination of the base of the skull and the odontoid process protruded 
into the foramen magnum 

Opeiation — June 26, IQ41 (Fig 9) Under ethei anesthesia, a suboccipital and 
upper cervncal decompression was performed The skull betw^een the inion and foramen 
magnum was flat, ev^en slight!} concave, and it formed an acute angle with the line of 
the spinal column, which made the foramen magnum seem unusually deep The arch 
of the atlas lay almost completely within the foramen magnum and could be seen clearly 
onl}^ after removal of a segment of the occipital bone and opening of the foramen mag- 
num Ev^en after removal of the laminae of the atlas and axis the dura at the lev^el of the 
foramen magnum dipped acutely, as if from long indentation by the arch of the atlas, 
and certainly appeared to be coiistnctiiig the structures within The dura m this region 
W'as about two millimeters thick When the dura had been incised to expose the cere- 
bellum and upper cord, examination show'cd the cerebellar hemispheres to be generally 
small and atrophic looking, with very little of the vermis showing and almost complete 
obliteration of the cisterna magna The tonsils of the cerebellum were greatly etoigated 
and extended down the spinal cord to the level of the second cervical arch The left 
tonsil overlapped the right, suggesting that there was more distortion of tlie base of the 
skull on the left side, a supposition which would be compatible with the greater tweltth 
cranial nerve palsy on the left and right-sided corticospinal tract signs 

There were no adhesions m the region, tlie cord had a normal appearance, and the 
course of the cervical nerve roots was normal The wound was closed, but the dura was 

left open for decompression , 

The bone removed at operation was not remarkable from a gross s an p , 
microscopic examination showed the faulty development characteristic of osteogenesis 

imperfecta 
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Fig 6 



Fig 7 

1 ir 6 — C^';e 3 L^tl.ral rocntgtnopnm taken at age four (1033) '^bowing poor 
cikification characteristic of ostcogene-is impenecta but normal configuration in 
the hasilar region 

Fig 7 — Case 3 lateral roentgeiiogr ini t ikcn it age i. <i94i) showing the 
icquired platehasia (compare with I igure 7) Note the long narrow shape of the 
cranial caMt\ , the prominence of the petrous ridges, the eleeation 01 the clnus 
blume-nhachii and the upw ard displacement ot the atlas and axis into the basilar 
depression 
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no appreciable change in sp ec^i or n Lnfil. t There was 

the corticospinal tract 1 h e ight aZh? " 1 

no longer be detected t°es could 



Fig S — Case 3 Anteroposterior roentgenogram taken at age 12 (1941) slion 
mg a tvide bipanetal distance, bulging of the floor of the posterior fossa aboie the 
occipito atlantal articulations displacement of the odontoid process to the left of 
the midline and the abnormal appearance of the petrous ridges 

CoiAfMF^T — Theie is conclusive evidence heie that the flattening of tlie 
base of the skull was not clue to a congenital malformation of the occipital 
bone The evidence indicates that the soft pooil} calcified skrll had become 
indented at its base, jDiobably fiom sheer u eight of the groiting head upon 
the spine The appeal ance of the skull is indeed, comparable to what might 
occui if weight were put upon the top of a flexible skull causing it to elongate, 
bioaden, and indent at its base The resulting distortion of the brain stem, 
diminution m the capacity of the posterioi fossa and nan owing of the fora- 
men magnum w'ould amph account for any changes in the nervous system 
Because it was assumed that injuiy to the nervous s\ stem would increase, 
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1 iG 9 — Cise 3 (A) T\pL of operatue iiicision (15) Dngraiiimatic represcnta 

tion of the mture and effects of the cranio\ ertebral abnormaliU (C) View with occip 
itnl bone and upper three cerMcal aertebrae exposed showing conca\itj of the occip 
tal bone and partial inclusion of the arch of the atlas in the foramen magnum (D) 
\ lew after resection of the occipital bone and opening of the foramen magnum show ing 
the arch of the atlas maintaining the constriction of the dura at the foraminal opening 
(E) View after resecting the first two neural arches and opening the dura showing the 
flattened cerebellum, absence of the cisterna niagna, and unequal herniation of the 
cerebellar tonsils into the cen ical canal 


241 



BRONSON S R\Y 


VunuK of ‘>urR(rji 
'Uffust I 0 4 j 


dccompiession nas employed even though the existing signs were not ad- 
vanced The disappeaiance of the signs of diseased pyramidal tract on the 
ngit side of the body and the return of position sense in the toes are evi 
dences of impiovement 


/ fr ^ developing in a middle-aged zvoman zvith Paget’s disease of the 

skull Neill ologic signs appealed insidwush and advanced steadily ovei a period of tzvo 
ycais Opeiative deconipt ession of ceiebcllitni and coid 

H C , wliite, female, age 47, was admitted to the New York Hospital, January 5, 
1942, because of headache, vertigo and increasing difficulty in walking She had been 
obser\ed periodically in the Out-Patient Department for several months, but entered the 
hospital wlien symptows became severe 

She had been in good health prioi to the beginning of enlargement of her head in 
1933 (at age 39) A diagnosis of osteitis deformans (Paget’s disease) of the skull was 
made by her ph} sician, and for eight years the head had steadily enlarged No untoward 
s^mptoms appeared until the last two years of this period 

Pam m the back of the head and neck, wdiich was the first symptom, was, m the 
beginning mild and unimportant but, later, it became severe It was induced by cough- 
ing straining, and laughing It w'as acute and spread up fan-wise from the back of 
the neck over the back of the head to the vertex, lasting five to ten minutes 

Gait, which at first w'as but slightly unsteady, gradually became staggering, and 
motions III the upper extremities became clums3'' The right arm became w'eak, and 
the right foot had dragged during the past j-ear 

The most recent and distressing symptom w'as paroxvsmal vertigo w'hich was 
induced by sudden turning of the head The fear of inducing ai. attack lead to holding 
her head in a fixed position 

Phvstcal Examination — The patient was a slender, fragile looking woman, with a 
large asymmetrical head and a short wide neck The neck w'as held stiffly and the head 
W'as moved cautiously The e3'es w'ere slightly prominent and coarse nystagmus devel 
oped on lateral gaze w'hich w’as greater on looking to the right Hearing was diminished 
25 per cent on the left and 15 per cent on the right The muscles of the tongue showed 
a moderate degree of atrophy and fibrillations, and wdien protruded it deviated to the 
left Speech was slightty thick and had a nasal quaht3 The right shoulder drooped 
There was clumsiness in rapid rhythmic movements and m pomt-to-point tests of all 
extremities Gait was slow, staggering and broad based Romberg’s sign was positive 
There was an hemiparesis of moderate degree involving the right upper and lower 
extremities Position sense and two-point discrimination w'as impaired in the right hand 
There w'as a right hemihvpalgesia, not including the face Position sense was markedh 
impaired in both feet 

Significant laboratory studies show'cd normal seium calcium and serum phosphorus 
but a serum phosphatase of 25 to 30 units (normal is four units) Bleeding and clotting 
times were normal, but the plasma prothrombin was r8 per cent The prothrombin value 
rose to 30 per cent and 70 per cent on successive da3'S on administration of vitamin K 


(2-methyI-i, 4-naphthaquinone) 

Roentgenograms of the skull, taken m 1934 (Fi& showed characteristic changes 
of osteitis deformans and the early changes of platybasia Roerfi enograms of the skul 
taken in 1941 (Fig ii), showed the results of marked indentation of the basi-occipital 
region and comparison with the earlier films disclosed the progression of this state 
There was invagination of the posterior rim of the foramen magnum, narrowing of le 
posterior cranial fossa, upward and anterior displacement of the atlas and axis Many 
other bones 111 the body showed increase m the trabecular pattern, scattered areas of 
density and cystic changes but the skull was most prommentl3' involved by the disease 
and there was no collapse of vertebrae to account for any of the neurologic signs 
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Fig 10 



Fig 1 1 

Fig 10 — C^se 4 Literal loentgenognm (retouched) tiKen at age 40 (1934) 
showing typical osteitis deformins ind beginning plitrbisia which w'is isynipto 
nntic (Courtesj of Di William Snow ) 

Fig 11 — Case 4 Lateral roentgenogi am (retouched) taken at age 47 (1941) 
showing marked degiee of platybasia Ba comparison with Figiiit ii, note the 
greater narrowing of the posterior foss i and the increased iipwaid displacement 
of the atlas and axis into the iii\ aginated basiocciput 
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Opctatwii — Januarj' 8, 1042 (Fig 12) Under etliei anesthesia, suboccipital and 
upper cervical decompression was performed The operation was attended by an unusual 
amount of bleeding from the soft tissues and the bone, which required assiduous atten- 



tion to hemostasis The skull ^^as ^ThetaTr/tlifvertebrtl spines and 

the tip of a forceps could be plunged throug almost com- 
arches was only slightly softer than ,0 be nident.ng the posterior rim of 

Sl'e'ta'r" "e .nd .... cen.ca, ...e 
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A fair-sized wiiidoM in the occipital bone was rongeured and curetted away Aftei the 
foramen magnum had beeji widely opened it was then possible to remove the arch of 
the atlas In this region the dura was slightly thickened and gave the appearance of 
constricting the structures lying within it 

When the dura had been incised to expose the cerebellum and cord it was seen that 
tlie cerebellai hemispheres weie flattened, the vermis was unusually wide and the cere- 
bellai tonsils were herniated into the spinal canal to the upper level of the third cervical 
vertebra The left tonsil was longei, more prominent and overlapped the right, suggest- 
ing greater distoition of the base of the skull on the left, a supposition which would be 
compatible with the light hemiparesis Theie was no cisterna magna but after the dura 
had been opened an exchange of subaiachnoid fluid between the cranial and spinal cavi- 
ties could be demonstrated There weie no adhesions in the region, and what could be 
seen of the cord appealed normal The wound was closed but the duia was left open 
for decompression 

Microspocic examination of the bone lemoved at opeiation showed the changes 
typical of osteitis deformans 

Postopeiatwe Cow sc — Recovery fiom operation was complicated only by edema of 
the neck during the fiist three days Early indications pointed to impiovement in all 
symptoms but the postoperative period is too short to evaluate results 

Comment — As in Case 3, this is unquestionably an example of acquiied 
platybasia The exti erne softness of the skull and the inci ease in the weight 
of the head aie conditions well suited to the development of platybasia It is 
likely that this basilai deformity occtiis m some degree m the majoiity of 
people with advanced osteitis defoimans of the skull The extieme nan owing 
of the posterioi ci anial fossa and of the foi amen magnum, which can be seen 
on loentgenogram, and which was, in this case demonstiated at opeiation, 
possesses many possibilities foi the pioduction of neuiologic symptoms 
Wheieas in the past the headache and vaiious ci anial neive palsies fiequently 
found to be associated with osteitis defoimans have been laigely inteipieted as 
symptoms to be expected fiom such gieat thickening of the skull, it may 
develop that often such symptoms aie the diiect 01 indiiect lesult of 
platybasia 

Decompression opeiation in patients with osteitis defoimans is peihaps 
more hazardous than in otheis because these patients, in general, do not stand 
opeiations well, and theie is the added difficulty in dealing with the inci eased 
vascularity of the bone and adjacent soft tissues But this should be no con- 
ti aindication to the opeiation if the signs and symptoms piesent wan ant it 

DISCUSSION 

Compai atively few lefeiences to platybasia have appeared m the Anglo- 
Aineiican hteiatuie^> 3 ^nd the deformity, though mentioned in European 
liteiature as fai back as 1844,'* has nevei leceived the wide attention it de- 
seives Boogaid,^ in 1865, Viichow,® in 1876, and Grawitz,'^ in 1880, desciibed 
in detail the changes m the skull Homen,® m 1901, coi related neurologic 
obseivations with postmoitem study of the effects of piessuie of the cianio- 
veitebial defoimity upon neivous stiuctuies Schuller,^ in 1911, by loent- 
genologic examination of fbe skull, fiist demonstiated basilai impiession in 
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the living and, with an appieciation of the eifects of the defoimity upon the 
nervous system, desciibed clinical examples having manifestations of medul- 
lary compression, ceiebellai compiession and cranial nerve involvement 
Additional climcopathologic studies have been reported by Sinz,^o Kedit,^’ 
Kiause,^2 Rjsak,i" Juhlm-Dannfeltd-* Ebenius,i- and in this 

country b) Chambeilain,^ Gustafson and Oldbeig,” and List "* 

The etiology of the cianioveitebral defoimity has from the time of its 
eaily desciiption been asciibed laigel)- to congenital inaldevelopment or 
hypoplasia List has described in detail a variety of anomalies of the occipital 
bone, atlas and axis in terms of the embiyomc development of these structures 
Case I m which theie was synostosis ot the atlas and occiput, is an example 
of congenital maldeAmlopment Possibl}' Case 2 is also an example of pre- 
natal inaldevelopment, pai ticulai 1}^ in mew of the synostosis of two of the 
cervical veitebiae but without this, one would give more consideration to 
the possible role of iickets m the patient’s earlv life 

Most authois have suspected, with meagei pi oof, that platybasia may be 
acquiied as a lesult of such diseases as osteomalacia, tickets syphilis, osteitis 
defoimans and chionic inci eased intracianial pressure Cases 3 and 4 aie 
the only examples that have come to 1113 attention in winch the development 
of platybasia uith accompanying neurologic symptoms has been deinonstiated 
m the couise of such disease In each of these cases (one of osteogenesis 
imperfecta, and the othei of osteitis defoimans) the compaiison of loentgen- 
ograms of the skull, taken yeais apait shovs this development In one 
instance the patient was a gi owing child, in the other a matin e woman A 
condition compaiable 111 its effects may occui following fiactiiie or dislocation 
at the occipito-atlanto-axial legion such a case has been reported fiom this 
clinic 

Much depends upon loentgenologic examination in the diagnosis, foi 
although theie aie man} chaiacteiistic clinical features of the condition the 
final diagnosis m any case lests on the demonstiation of the cianiovertebial 
defoimity by loentgenogiams SchuIleC' has ably enumeiated the chaiacter- 
istic changes that may be seen roentgenogi aphically and most of the lecent 
contiibutois have added to this aspect of the subject ^ The roent- 
genogi ams lepioduced heiewith emphasize most of the essential 
abnoimalties 

The vaiious 1 oentgenographic changes seen in platybasia niaj be snm- 
maiized as follows In the lateial view mai be seen Rudimentaiy develop- 
ment of the occipito-atlanto-axial legion, dislocation of the atlas and axis 
upward and foiward, pi ejection of the odontoid piocess above a line draivn 
fiom the posterioi 11m of the foiamen magnum to the haid palate, upward 
displacement of the clivus blumenbachii , invagination of the posteiioi rim 
of the foramen magnum, high piominent position and moie or less circulai 
shadow of the petrous poitions of the tempoial bones and, a relatively long 
vertically naiiow appearance of the cranial cant) 
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In the sagittal views taken in the anteioposteiioi diiection and in the 
“occipital projection” may be seen As}mmetiy of the posteiioi cianial fossa 
and of the foiamen magnum, upwaid dislocation of the atlas and axis, abnoi- 
mal 1 elation of the positions of the atlas and odontoid process to the lumen of 
the foramen magnum, abnoimahty of the atlanto-occipital ai ticulations , 
prominence, unusual shape and as}mmetiy of the petious poitions of the 
tempoial hones, and bioad bipaiietal measuiement of the skull 

All patients with platjbasia possess moie oi less the same appeal ance 
above the shouldeis (Fig i) The neck is distinctly shoit and thick, the 
hair line at the back is 1o\a The pobition of the head m piofile is somewhat 
forward of the peipendiculai axis of the body and in fiont view is usuall} 
tilted 01 turned This appeal ance is due laigel} to the ci aniovei tebral 
deformity and need not be accompanied b}’- limitation of movements of the 
head, pain or neuiologic changes 

Only when neuiologic s}mptoms occiii, does platyliasia become anything 
more than a dp\ elopmental ciiiiosity It has been emphasized by othei con- 
tributois to this suliject that m congenital platybasia it is but leasonable to 
expect the presence of othei congenital alinoimalties Thus, the occui- 

rence of symptoms of syi mgomyeha in conjunction with platybasia may be 
onl}' the lesult of a congenital “dysiaphic” state wdnch imjDlicates both the 
nervous and skeletal systems, developmental distuibances m numeiotis mid- 
line structures ha\e been found to accompany syi mgomyeha To accept 
this as the only explanation for the coexistence of jDlatybasia and syiingo- 
myehc symptoms is failuie to lecognize the diiect etiologic lelationship that 
may exist betw'een the skeletal deformity and numerous associated changes 
111 the neivous system In the case ol sensoiy dissociation of syi mgomyehc 
nature, for example, the changes may be the result ot bony comjiiession of 
the ventrolatei al tiacts of the medulla As a lesult of experience wath a 
patient — in whom no s) rmgomyeha was found at opeiation, and impiovement 
followed opeiative decomjiiesbion, Chambeilain stiessed paiticularly “the 
tendency for basilai impression to masqueiade as syi mgomyeha” , Case 2 is 
compaiable to this On the othei hand, it is justly aigued by Gustafson and 
Oldberg that when 111 the piesence of platybasia, theie exists an hydroniyehc 
state of the cential canal, the twm conditions piobabh exist as cause and 
effect 

Thus, in platybasia acquiied changes 111 the neivous system may occui 
singly or in combination as a result of (i) diiect pressuie ujion the brain 
stem, cranial nerves, ceiebellum and cervical coid (2) eiiibai 1 assment of the 
blood supply of these stiuctures by adhesions 01 compiession, or (3) inter- 
ference wutli ceiebiosjiinal fluid pathways 

The flattened appeal ance of the cei ebellai htmisphei es, the absence of the 
cistenid magna, the piotiusion of the cerebellar tonsils into the sjniial canal, 
jilus the duial coiisti ictioii at the legioii of the foiamen magnum denionstiated 
at opeiation, indicate the degiee of geneial compiession exerted upon these 
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neivous st.uctures by the'nanowed coniines of the jwster.or fossa Hydro- 
cephalus of varying degree mighl be expected to accompany this stale of 
altairs, and has been demonsti ated by some obseivers 

The defoimity of the iieivous system found to accompany platybasia has 
been likened to the Ainold-Chiaii deformity => The latter is not a well 
defined malfoiniation but is geneially regaided as a downward elongation of 
(he ceiebellum and biam stem into the cervical poition ot the spinal canal 
associated with spina bifida and myelomeningocele, hydrocephalus is fre- 
(]uently piesent as a lesult of obstiuction of the fouith ventricle While 
the appeal ance of the biam and coid may m some respects be similar m the 
tvo conditions the mechanism pioducing the one is the antithesis of that 
pioducmg the othei In platybasia the stiuctures may be thought of as being 
pushed thiough the foiaiiien magnuni, whereas in the Arnold-Chirri malfoi- 
mation, theA aie pulled Ihe simple pioot of the difference exists in the 
relatively iioimal couise of the ceivical nerve loots m the foiniei and the 
abnoimal upward couise of the loots to then foramina in the latter 

This brief allusion to some aspects of the effects of platybasia serves to 
emphasize that anj iiumbei of iieuiologic s3'mptoms may lesult, depending 
upon the paiticulai paits of the central nervous s}steni that are impinged 
upon 01 otlienvise disturbed by the cranioveitebial deformity "Wdieii the 
diagnosis has been established, opeiative decompi ession should be gnen 
thoughtful consideiatioii In the past, it has been assumed that platybasia 
and Its associated neiuologic symptoms neie solely a medical curiosit}^, to be 
lecognized in older that needless operation could be avoided Obvioush 
no operative pioceduie can lectif) the invagination of the base of the skull 
or the displacement of the atlas and axis, but the lemoval ot pait of the 
squama of the occipital bone, the opening of the foramen magnum and the 
removal of one oi t\^o neural aiches seives to enlaige the narrowed space 
occupied by the biam stem, ceiebellum and uppei cervical cord Neithei 
can It be expected that opeiative decompi ession Mill lesult m alleiiation of 
all neuiologic changes but the eiideiice indicates that iniproi'emeiit of exist- 
ing symptoms and pievention of piogiessive changes may be hoped for 
Besides the foui cases lepoited lieieiiith, 12 othei s. having delibeiale 
decompi essive operations, have been repoi ted ^ ^ From an analj'sis of 

these cases two principles stand out (i) That the duia must be opened to 
obtain satisfactoiy decompression and (2) tliat the less intradural manipu- 
lation of nervous stiuctuies the bettei Peisonal expeiietice has led to the 
belief that simple opeiative decompi ession is not hazardous and has much 
to recommend it when contrasted with the unfavorable prognosis of ad- 
vanced compression of the biain ana coid 


COlsmLlJSlONS 

Platybasia is a cianioveitebial anomaly tongenital 01 acquned that mai 
be accompauted by changes ,n the central nervoua system that resi.It either 
dnectl, from p.ess.ne o. mthrecth fiom the effects ot the ho... cletmim.t 
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Platybasia causes a chai actei istic appearance of the head and neck, and the 
neurologic symptoms masqueiade as neoplasm of the posteiior fossa oi 
uppei cervical canal, hydrocephalus, syringomyelia, syringobulbia, multiple 
scleiosis or spinocerebellai disease The final diagnosis rests upon the 
loentgenographic demonstiation of invagination of the basioccipital region of 
the skull and the upu^aid displacement of the uppei ceivical vertebrae into 
this depiession, pioducmg nan owing of the posteiioi cianial fossa, foramen 
magnum and uppei ceivical canal When neurologic symptoms aie dis- 
abling 01 piogiessive opeiative decompi ession of the cerebellum and uppei 
cord is beneficial m impiovmg oi staying the progress of the neivous changes 
Simple opeiative decompi ession is not unduly hazai clous 

REFERENCES 

1 Chamberlain, W Edward Basilar Impression (Platybasia) Yale J Biol and Med , 
11 , No 5 , 487-496, May, I 939 

= Gustafson, W A , and Oldberg, E Neurological Significance of Platybasia Arch 
Neurol and Psychiat , 44 , 1184-1198, December, 1940 

List, C F Neurologic Syndromes Accompanying Developmental Anomalies of 
Occipital Bone, A,tlas and Axis Arch Neurol and Psychiat, 45 , 577-616, April, 
1941 

Rokitansky , C , cited by Ebenius, B 

5 Boogard, J A Basilar Impression Its Causes and Consequences Nfederl tijdschi 
V geneesk , 2 , 81-108, 1865 

Virchow, R Beitrage zur physischen Anthropologic der Deutschen, nut besonderei 
Berucksichtigung der Friesen Berlin, G Vogt, 1876 
^ Grawitz, P Beitrag zui Lehre von der basilaren Impression des Schadels Virchows 
Arch f path Anat , 80 , 449-474, 1880 

® Homen, E A Zui Kenntnis der rachitischen (^) Deformationen der Schadelbasis 
und der basalen Schadelhyperostosen Deutsche Ztschr f Nervenh, 20, 3, 1991 
''Schuller, A Zur Roentgen-Diagnose dei basalen Impression des Schadels Wien 
med Wchnschr , 61 , 2594, 1911 

Smz, P Unterentwicklung des Hmterhaupt- und Keilbeinkorpers mit gleichzeitiger 
kiiocherner Verbindung zwischen Atlas und Schadel als Todesursache Virchows 
Arch f path Anat , 287 , 641-650, 1933 

Kecht, B Zur Kenntnis der Klinck eines Falles von basilarer Impression Ztschi 
f d ges Neurol u Psychiat, 141 , 132-140, 1932 

Krause, F Chirurgie des Gehirns und Ruckenmarks Berlin, Urban & Schwarzen- 
berg, 1911, vol 2, 556-558 

'®Merio, P, and Risak, E Klippel-Feilsches Syndrom, basilare Impression und endo 
krine Erkrankungen Ztschr f klin Med , 126 , 455-468, 1934 
" Juhlm-Dannfelt, C Platybasia Svenska lak-tidning, 30 , 470-473, May 5, 1933 
’ ^ Ebemus, B Thjt^opntgen Appearance jn Epui Cases of Basilar Impression Acta 
radiol , 15 , 652-656, 1934 

'®Wade, Leo J Pseudo-Platybasia Rupture of the Transveise Ligament of the Axis 
with Displacement of the Odontoid Process and Compression of the Cervical Cord 
J Bone and Joint Suig , 23 , No i, 37-43, January, 1941 

Schuller, A The Diagnosis of “Basilar Impression” Radiologyq 34 , 214-216, 

February, 1940 

Putnam, T J Discussion of Gustafson and Oldberg- 

Bremer, F W Die pathologisch-anatomische Begrundung des Status dysraphicus 
Deutsche Ztschr f Nervenh , 99, 104-123, 1927 

249 



BRONSON S RAY AnnaU of SuTBerj 

August 1942 

-«Penfield, W, and Coburn, D F Arnold-Chian Malformation and Its Operatue 
Treatment Arch Neurol and Psychiat , 40 , 328—336, August, 1938 
-1 D’Ernco, A Surgical Procedure for Hydrocephalus Associated with Spina Bifida 
Surger}', 4 , 856-866, December, 1938 

Discussion Dr Ira Cohen (New York) said that the cases presented 
by Doctoi Ray lepresented almost a medical curiosity, inasmuch as platybasia 
IS veiy rare, though not so rare as would be assumed from the paucity of 
cases reported in the hteiatuie Cases aie missed, first, because roentgeno- 
grams, if taken, aie not caiefull)^ examined, and, secondly, foi the more im- 
portant reason, that in cases diagnosed as syi mgomyeha, intrinsic disease of 
the cold, 01 multiple scleiosis, roentgenograms of the upper cenncal spine 
and skull aie not taken and studied The term “platyhasia” was brought to 
the forefiont aftei an aiticle by Chamberlain a few )^ears ago Very prob- 
ably “basilar invagination’’ is a more descriptive term Tlip platybasia itself 
IS partially responsible foi symptoms, but the majority of the symptoms are 
due to the deioimity about the foramen magnum in wh ch the skull and 
vertebrae combine The symptoms aie caused by compression, that is, nar- 
rowing of the foi amen magnum, the piessuie or the odontoid piocess, and 
very often there is thickening of the dm a and bands of dura in this region 
plus herniation of the cei ebellum into the spinal canal 

Doctoi Cohen felt that Doctor Ray’s thud case was ot particulai inteiest 
because of the fact that the bony defoimity was seen to develop while the 
patient was undei observation, also, the onset of neuiologic signs was seen 
to occui Theie is no leally adequate explanation for the development of 
symptoms m the second, thud fourth, 01 even fifth decade, from a condition 
wdnch IS congenital If the bony deformity is static then, peihaps one must 
assume, wnth Chamheilain, that the young nervous system is moie able to 
wuthstand the lesulting piessuie than is that of the adult Otheuvise, there 
is no real explanation of w by sjnnptoms develop late in life in some individ- 
uals In this young girl, actual positive pi oof is offered that, under observa- 
tioii, there c3.n be a cha.ng’e in the contoui about the foramen with the onset of 
symptoms Rickets, osteomalacia and many othei conditions have been men- 
tioned as a consequence Doctoi Cohen said he knew' of no othei case wdiere 
such proof had been demonstrated 

The very appearance of the patients as they w'alked into the room w'as 
almost diagnostic 
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Vocal cord paralysis, if it is umlateial. is a seiious complication of 
thyioid suigeiy and, if bilateral, constitutes a surgical calamity The patient 
is geneially told aftei a umlateial coid iiijuiy that the voice will letuin and 
no tieatment is necessaiy In the bilateral coid injuiies, if the coids aie m 
adduction, a tiaclieotomy may have to be peifoimed as a life-saving measuie, 
and effoits made at a latei date to lestore the function of the cords This 
may he attempted by some plastic pioceduie on the coids oi else by expos- 
ing the lecuiient laiyngeal nerve with an attempt at anastomosing the sev- 
ered ends, as advocated by Lahey and Hoovei,^® oi anastomosing the distal 
end of the lecunent laryngeal to the descending hianch of the hypoglossal 
neive, as advocated by Fiaziei ’’ 

Dm mg the past three yeais, m the Thyioid Clinic at Post-Giaduate 
Hospital, our mteiest has been aioused by a conseivative method of tieatment 
in vocal cold paial}sis that was instituted by Di Chailes O Fieitz, of the 
Neuiologic Depaitment Lahey and Hoovei,^” in 1938, adMsed exploring 
the neck of patients with vocal coid paralysis within the fiist thiee months 
of the opeiative injuiy They felt that if the patient had gone longei than 
thiee months there was a gieatly diminished chance ot neive legeneration 
and also a chance of fixation of the aiytenoid muscles due to atiophy and 
fibrosis Jackson,’’’ m 1937, states that a vocal coid paialysis of six months 
duration is peimanent and can nevei he lestoied With such opinions one 
would look with skepticism upon any method of conseivative tieatment being 
employed to lestore a vocal coid that has been functionless foi many months 
While discussing, in oui clinic, the advisability of exploiing the neck of a 
patient wnth a vocal coid injui} cvhich had gone appi oximately one yeai 
the conseivative tieatment, as lefeired to m this pi esentation, was advised 
by Doctoi Fieitz The optimum time foi resutuiing the neive had long since 
past, accoiding to the teaching of Labe}- and Hoovei, and the coid was pei- 
manently paralysed, by Jackson’s concept of vocal coid paialysis In view 
of then opinions we felt that conseivative tieatment would do no haim, and 
one of the patients wdiom wm piesent this evening illustiated oui fiist expeii- 
ence wnth galvanic and faiadic stimulation, as earned out by Doctoi Fieitz 
with the aid of Di A F Laszlo, of the Otolai yngology Depaitment A de- 
tailed discussion of the exact technic is being piesented hefoie the New' York 
Neill ological Society by Doctor Fieitz It w'lll suffice m this pi esentation to 
say the nerve is stimulated by an unintei 1 upted cathode application and the 

* Read befoic tlie New York Surgical Socictj April 8, 1942 
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muscles of the vocal cords by faradic and galvanic stimuli If the vocal cord 
does not lespond to the faiadic and galvanic stimuli on the first examination 
the piognosis for ultimate impiovement is poor, but not necessarily hopeless 
Even if no i espouse is elicited on the fiist examination, treatment is lendered 
for SIX weeks and if aftei that time no i espouse is obtained the neive is con- 
sideied peimanently mjuied A veiy small peicentage of this group will 
lespond to tieatment The favoiable cases aie those showing movement 
in the vocal coi ds to fai adic and galvanic stimulation on the fii st visit, which 
indicates the motoi activity is not completely lost 

We have had occasion to lefei 19 patients foi electrical treatment during 
the yeais 1940 and 1941 It should be stated that all these nerve injuries 
were by no means inclined at Post-Giaduate Hospital, but we can also add 
that the peicentage of injuiies occuning aftei opeiations performed by the 
Geneial Surgical Stafl; fai exceeded 3 pei cent Tins figuie, given by Lahej 
and Hoovei,^® was the aveiage, and was high compaied to their clinic, 16 
per cent befoie demonstiatmg the lecuiient laryngeal nerve, and 03 per cent 
aftei demonstiatmg the lecuiient laryngeal neive at operation 

Aftei we had seen definite clinical improvement in vocal coid paialj'sis 
following the electi ical stimulation, the pi oblem was discussed by the authors, 
and we felt the explanation of the clinical impiovement was due to incom- 
plete loss of the motoi activit)'' of the lecuiient laiyngeal neive, that mam 
neives had two blanches, one bianch uould be injuied nhile the other re- 
mained intact The intact bianch was so 1 educed as to lepiesent one-third 
01 one-half the oiiginal cahbei of the neive and, therefoie, only able to func- 
tion when assisted by aitificial stimulation to legain motor control o^er the 
injuied muscles Theiefoie, we wish to repoit oui findings on a group of 
dissections, made in the Anatomical Laboiatoiy at Post-Giaduate Hospital, 
which weie undei taken by the authors, and consisted ot ten cadaveis, and 
the exposuie of 19 neives (Tables I and II) We wish to report the ob- 


T-\blc I 


rOST-GRADUATE HOSPITAL SERIFS 
Weeks and liviton 


Ten Cada ers — ig Nenes 
Per Cenl Duidcd E\lralar\ngealh 


Dn ision 
of Nerve 
Two 
Two 
Single'*' 

Two 
Two 
Two 
Three 
Two 
Two 

•■Single Between 


ENtralaryngenl 
Division 
in Cm 
4 cm 
2 cm 

2 s cm 

1 cm 

2 s cm 
2 cm 

2 s cm 

3 cm 


RIGHT SIDE 

Division in 
Relation to 
Thyroid Gland 
Lower pole 
Middle third 

Low er pole 
Upper third 
Middle third 
Middle third 
Lower third 
Lower pole 


Relation of 
Nerve to Inferior 
Thj roid Alter} 
Posterior 
Postenor 
Anterior 
Antenor 
Antenor 
Antenor 
Antenor 
Postenor 
Antenor 


Relative 
Diameter of 
Dinsions 

65% — 35 
73%-2Src 

65% — ^35% 
So9o — SO% 
63%— 35% 
30 % — 2S% — 2S%r 
7S%— 25% 
50% — 50% 


branches of inferior thyroid artery 
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Table II 

POST-GRADUATE HOSPITAL SERIES 

TFeefcs and Hinton 
Ten Cadavers — ig Neives 
/S Per Cent Divided Exlialaivngeally 
LEFT SIDE 



E\tralaryngeal 

Division in 

Relation of 

Relative 

Division 

Division 

Relation to 

Nerve to Inferior 

Diameter of 

of Nerve 

in Cm 

Thyroid Gland 

Thyroid Artery 

Divisions 

Two 

4 cm 

Lower pole 

Posterior 

6 s%- 3 S% 

Tivo 

5 cm 

Lower pole 

Posterior 

6S%— 35 % 

Single* 



Anterior 


Destroyed 





Two 

I cm 

Upper third 

Anterior 

S0%— 50% 

Two 

2 5 cm 

Middle third 

Anterior 

S 0 %— 50 % 

Tivo 

2 5 cm 

Middle third 

Posterior 

50%— 50% 

Ti\o 

3 cm 

Lower pole 

Posterior 

S 0 %— 50 % 

Two 

3 cm 

Middle third 

Anterior 

50%— 50% 


* Single Betiieen branches of inferior thyroid artery 


seivations made in the Anatomical Laboiatoiy ot New Yoik Umveisity by 
Ml John Stewait and Mi Rogei Mooie, who aie fouith yeai medical stu- 
dents They did this as a favoi to the authois, checking oni obseivations 
on i8 cadaveis, with 24 neive exposuies (Tables III and IV) In the dis- 

Tabie III 

NLW \ORK UNIVERSm SERIFS 
'iteiiiait and Moore 
Lighteen Cadoi'eis — 34 A’civis 
-S Pci Cent Divided Exhalai Migcalh 



Extralaryngeal 

RIGHT SIDE 

Division in 

Relation of 

Relative Diameter 

Division 

Division 

Relation to 

Nerve to Inferior 

of 

of Nerve 

in Cm 

Thvroid Gland 

Thyroid Artery 

Divisions 

Two 

2 2 cm 

Lower third 

Antenor 

6s%— 35% 

One 

Two 

T 5 cm 

Middle third 

Anterior 

Anterior 

50%— 50% 

Single 

Destroyed 

Two 

2 0 cm 

Junction of middle 

Anterior 

Posterior 

50%— 50% 

Destroyed 

Destroyed 

Single 

Destroyed 

Two 

2 cm 

and low er third 

Junction of middle 

Posterior 

75 %— 25% 

Destroyed 

Two 

2 s cm 

and lower third 

Lower third 

Anterior 

65%— 35 % 

Two 

2 0 — 2 0 cm 

Middle third 

Posterior 

6S%— 35 % 

Two 

3 5 — 2 5 cm 

Lower pole 

Posterior 

65%— 35 % 

Destroyed 

Destroyed 

Destroyed 






sections at Post-Gi aduate Hospital we tound that 78 pei cent of the 1 ecui 1 ent 
laryngeal nenes divided exti alai yngeally while at New York University it 
was the same Many of these nerves started then division at the level of 
the lowei pole of the gland These findings nould, obviously, explain how 
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Table IV 


Division 
of Nerie 
I \so 
■^wo 


Sin^Io 

Two 

Destroyed 

Two 

Tivo 

Destroyed 
I «o 

Two 

I i\o 

Sint,Ic 

Destroy eci 

Tivo 

Three 

Single 

Ts\o 


Nrw yoRK UMvcRsiry sekiis 
Slnjart and Moore 
Liuhteen Cadavers~24 AVn a 
7 ^ J^er Cent Divided D\iralar\ngeaU\ 


LEFT SIDE 

Extril iryiiLcil Division m 

Division Relation to 

in Cm 1 hyroid Gland 

t tj cm Loner third 

y o cm Inferior pole 

Junction of middle 
and loner third 

I o cm Middle upper half 

1 2S cm Middle third 

2 cm Inferior pole 


Relation of Relative Diameter 
N'erve to Inferior of 


Thyroid Artery 

Divisions 

Anterior 

6s%-35% 

? 

50%— S0% 

Posterior 

50%— 50% 

Anterior 


6S%— 35% 

Posterior 

65%-35% 

Artery splits 
the 2 branches 

S0%— 50% 


3 cm 
3 S cm 
I s cm 


Junction of middle Posterior 50%— so7c 

and loner third 

Inferior pole Artery splits 7S%— 25% 

branches of nerv e 

Middle third Posterior 65% — 35% 

Anterior 


2 25 cm 
2 s cm 

2 cm 


Inferior pole 
Inferior pole 

Middle and 
Ion or third 


Posterior 

Posterior 

Posterior 

Posterior 


507c-S0% 

40%— 20% 
50%—SO^/r 


clefiliile period of paralysis , meaning one that has existed in terms of years 
lathei than in teiins of montlis Figure i is an actual photograph from a 
dissection showing tlie nerve dividing with one branch 65 per cent, and the 
othei 35 per cent of the oiiginal calibei of the neive 

When one reviews the anatomy of the lecurrent laryngeal nerve, and 
lecent articles which include numbcis of dissections of the laryngeal nerve, 
one wonders why this point has not been stressed befoie In all probability 
the nerves were not completely dissected as thej'^ entered the laij^nx at the 
inferioi hoin of the thyroid cartilage The authors had othei points of in- 
terest in their dissections, for instance, one point of controversy has been 
the position the recurrent laryngeal nerve had in relation to the infeiioi 
thyroid artery Although several articles have been published to <. <anfy this 
point, aftei anatomic dissections, there is considerable difference 01 opinion 
Fowler and Hanson,^ in a A^ery excellent article on 200 dissections, state that 
in 65 5 per cent the nerve was posterior to the arter}'’, and in 26 per cent 
anterior, and in 8 5 per cent it lay between the branches Berlin and Lahej 
m 22 dissections, state the nerve is anterior to the arteiy in 18 cases on the 
right side, and posterior to the arteiy m 19 cases on the left side Ziegelinan, 
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in 42 dissections, repoits the lierve anteiioi to the artery in 17, and posterior 
to the artery in 12, and between in 13, while our own dissections essentially 
confirm those of Ziegelman There have been three references made m the 
literature to the neive having extralaiyiigeal branches Berlin^ repoits two 
instances, m 70 total thyioidectomies, uheie the recuiient laryngeal nerve 
blanches at the mfeiioi pole of the gland, and m one instance the anteiioi 
blanch was divided, with paialysis of the vocal coid on the same side Nord- 



I'lG I — I’liotogi Hill showing (luision of iLLUiient Hijngeal 
neive it the lowei thircl of glniul lli inches 6=; 3s pci cent of 
the original c ilihei 

land,“ in 31 cadaveis, tound in two instances blanches between the infenoi 
thyroid artery on the left side, and in two instances branches betw^een the 
infeiior thyroid aiteiy on lioth sides Lahey,'’ m an aiticle advocating the 
dissection of the lecuiient laryngeal nerve in subtotal thyioidectomies, has 
an illustiation in which the lecunent laryngeal neive blanches extra- 
laryngeally, and says that he has lepeatedly seen the extralaiyiigeal division 
of the nerve m the course of dissecting the neive duiiiig thyroidectomies 
ivhicli at that time had numbered ovei 3,000 cases 

How'^ easily the lecurrent laryngeal nerve is injured by handling 01 manip- 
Lilation of the gland, 01 by ti action, is impoitant If it is easily injuied then 
one would have a logical explanation of why a neive wmuld lefunctiQii aftei 
months, or perhaps yeai s, with the aid of electric stimulation Ci ile as re- 
cently as 12 years ago, stated that the slightest diiect or indirect piessure 
on the lecuiient laiyngeal neive interfered wuth neive conduction and im- 
mediately changed the voice Doctor Fieitz feels as Crile did, and doubts 
0111 anatomic explanation of the clinical impiovement The experimental 
w'ork of Judd, New^ and Mann® contiadicts this m then wmik on dogs, the}' 
put traction on the neivci, seveial times gieatei than one w'ould use 111 pei- 
foimmg a tliyi oidectom} , w'lthout pioducmg any voice changes Lahey,'' 
moie recently, has confiimed the obseivations of Judd, ef al and states, in 
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over 3,000 dissections, he does not believe the neive was injured by handling 
during such a procedure ° 

It IS important to stress the motor function of the superior laryngeal nerve 
as causing voice change in thyroid operations It is a well-known fact that 
the external blanches of the superior laryngeal nerve, which accompaiueT 
tlie supeiioi arteiy, supply the cricothyroid muscle The cricothyroid muscle 
IS a tensoi muscle of the laiynx, and its paralysis results in a hoarseness 
oi a voice that becomes tired aftei moderate talking The internal branch 
of the supeiior laiyngeal neive also has a definite motor function, and sup- 
plies the arytenoids which aie adductors in function Nordland,^^ in rg 
laiyngeal dissections, found the arytenoid muscles were supplied by the in- 
ternal branch of the supeiioi larjmgeal neive in i8 specimens, and in one 
specimen a bianch of the lecunent laryngeal neive and the internal bianch 
of the supeiioi laiyngeal supply the arjhenoid muscles 

The peicentage of vocal cord paralysis m unoperated goiters is one of 
extieine iiiteiest, paiticulaily when the postopeiative incidence is given in 
the hteiatuie as onlj^ fiom o 3 to 3 pei cent by different authois The pre- 
operative paralysis, which one assumes is due to piessuie on the nerve, is 
given as 5 to 10 pei cent by Wolfei, who is quoted b}' Remhoff^^ If so, 
preopeiative examination of the vocal coids m all goiter patients is essential 
Obviously, any patient who has had a thyioid opeiation of any kind should 
have the vocal coids examined, even though the operation has been infenoi 
01 superioi pole ligation In oui clinic Ave have not encounteied any pie- 
opeiative vocal coid paialysis 111 unopeiated cases Lahey® has stated that 
the loutine laryngeal examination in unopeiated cases is such a burden, and 
so seldom of any clinical significance, that be has stopped doing it routinely 
That does not mean that in case of a large goitei that produces pressure 
symptoms, the patient should not have pieopeiative vocal cord examination, 
but in the hypei plastic goiter and small nodular goiter it seems of very little 
value One should remeinbei that Wolfer’s statement for preoperative in- 
jury to the vocal cords Avas made in 1879, and he was observing large goiteis, 
and inaiij^ of them Aveie substeinal 

The point at which the neiA^e is usually injuied is geneially agieed to 
be at its entrance into the larynx m the region of the inferioi horn of the 
thyroid caitilage This site has been stiessed by Blalock and CroAve,® and 
our clinical observations confiim their statement That being the case, one 
can readily see hoAV difficult it is to prevent injury to one of the branches of 
the recurrent laiyngeal neive by exposing the nerve at the inferior thyroid 
arteiy, unless the neive is completely dissected free and the dissection came 
to the larynx, thus making suie that both branches are visualized This is, 
anatomically, lather difficult with the thyroid gland in place Therefore, one 
might question the wisdom of dissecting the lecurrent laryngeal neive as a 
lOutine operative procedure The extralaryngeal division of the recurrent 
laryngeal nerve, in a high percentage of anatomic dissections, can explain 
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the favoiable lesults in many of oui cases and can also explain why, in a 
definite peicentage of cases, failuie to improve will be encountered due to 
the fact that the neive has no exti alai yngeal blanches 

COMAIENT 

The conseivative tieatment foi vocal coid paialysis, that has been dis- 
cussed m this presentation, seems to have a definite anatomic basis, and a 
certain degiee of success should be anticipated fiom such a proceduie In 19 
cases theie weie two bilateial paralyses fioni loentgenotheiapy One of 
these patients had woin a tiacheotomy tube foi seven yeais before tieatment 
was instituted Within thiee months after instituting treatment the tiache- 
otomy tube was removed, and the patient has a 1101 mal voice, as was seen 
tioin the case piesented this evening The other patient had gone thiee 
yeais before tieatment was staited and she has a noimal voice at the piesent 
time These cases fall m a cliff eient category fiom opeiative injuries 

The mechanism is an ankylosis of the ciicoaiytenoid joint, due to the 
severe inflammatory leaction from the loentgenotheiapy Theie weie six 
bilateial and ii unilateial opeiative cases Of tbe six bilateial, Dao weie 
complete failuies, thiee weie gieatly impioved and one was cuied Of the 
II unilateial injuiies, two neie cuied, foin veie gieatly impioved, and five 
weie definitely benefited 

Fiom oui case piesentations it would seem theie is a definite place foi 
conseivative tieatment of vocal cord paialysis, as lendeied by Doctoi Fiertz 
In those cases with an exti alaryngeal division of the lecuiient lai yngeal 
neive, if the impulses have not been completely mteiiupted, a cure, in the 
sense of a 1101 mal functioning vocal coid, can be anticipated 111 a ceitain 
peicentage of opeiative mjuiies 

A vocal cord paralysis that has existed beyond the six months’ peiiod 
does not represent a peimanent paialysis, as stated by Jackson, accoiding to 
OUI obseivations in the above 19 cases 
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REPAIR OF DIRECT INGUINAL HERNIA WITH 
OSTEOPERIOSTEAL TRANSPLANT 

J Ross Ve vl, M D 

W\SHINGTON, D C 

FROM THE DEFARTMFNT Of SURGFRT, OAEIINCFR MUNICIPAI llOSnl WASIlINriON, D C 

One out of eveiy five diiect inguinal lierniae opeiated upon has lecuiied 
This high peicentage of suigical failuies has not gone unchallenged MaiiA 
oiiginal pioceduies and modifications of the old ones have been tried, but 
none of these have mateiiall}^ reduced the numbei of recuirences The ex- 
cellence attained in the surgei}^ of indiiect inguinal herniae can be traced to 
the successful anatomic i econsti uction of the defect m the abdominal wall 
The tailuie to achieve compaiable success in the diiect type must be attiibuted 
to the incomplete i econsti uction of the defect m the abdominal wall In 1938, 
Veal and Bakei^ desciibed an opeiation foi diiect heinia based upon the 
construction of a new flooi of Hesselbach’s tiiangle with an osteoperiosteal 
transplant The lesults obtained with this new pioceduie in 85 cases have been 
so eiicoui aging that I feel a follow-up lepoit is now wan anted 

In 01 del to make cleai the piinciple of the osteopei losteal lepaii it is neces- 
saiy to levieu the noimal anatomy of the stiuctuies involved, and show how 
these stiuctuies aie alteied uhen a diiect henna develops A direct henna 
pierces the abdominal wall thiough Hesselbach’s tiiangle This tiiangle is 
bounded laterally by the deep infeiioi epigastnc vessels, medially by the edge 
of the rectus muscle, and infenorly by the inguinal ligament These boundaiies 
aie of little impoitance except foi the point of diagnosis The structuies 
foinnng the flooi of this tiiangle aie most impoitant because a henna cannot 
develop if they aie noimally foimed and remain intact The floor of Hessel- 
bach’s tiiangle is made up of seveial layers Fiom within outward are the 
peritoneum, extiapentoneal fat, tiansversahs fascia, and the conjoined tendon 
The pel itoneum should not be considered as a buff ei The transvei sabs fascia 
IS a thin aponeuiotic membiane which lies between the innei surface of the 
tiansveisus abdominis muscle and the extrapentoneal fat In the inguinal 
region it become closely adherent to the aponeuiosis of the tiansveisus The 
conjoined tendon is a thick, inelastic fibious sheet which forms a solid bairiei 
in the flooi of the Hesselbach’s tiiangle This tendon is foimed by the union 
of the tendons of the obhquus internus and tiansveisus abdominis muscles 
The tendinous portions of these muscles become fused and continue as a single 
bioad sheet medially towaid the lectus sheath and downward toward the 
pubis It IS inserted into the rectus sheath, the ciest of the pubis, and the 
ascending ramus of the pubis Its attachment to the ascending ramus is along 
the pectineal line and extends lateially to the deep iiifeiior epigastric vessels 
(Fig i) The conjoined tendon is also loosely joined to the inguinal ligament, 
but this IS not a tiue anatomic inseition 
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A henna may oecui if theie is a shoit attachment of the tendon along the 
pectineal line This leaves a point of natuial weakness just medial to the 
deep infenoi epigastric vessels Aftei yeai s of sti ess and strain the pei itoneum 
and transversahs fascia may push foiwaid thiough this weak spot By con- 
tinued sti etching the conjoined tendon is woin away and a true diiect hernia 
develops By the same piocess an mdiiect heinia may gradually encioach 
upon and displace the attachment of the conjoined tendon and a combination 
diiect and mdiiect heinia is foimed In both of these types the true tiansvei- 
sahs fascia is sti etched in fiont of the piotrudmg pei itoneum and may form 
part of the coveiing of the hernia If the heinia becomes veiy large the 
tiansversalis may be destioyed ovei the dome of the sac The majoiity of 
direct herniae i esult fi om pi olonged sti etching and thmnmg-out of that poi tion 
of the conjoined tendon extending fiom the edge of Gimbeinat’s ligament to 
the maigin of the deep inferior epigastric vessels (Fig 2) In this type the 
conjoined tendon may he comjjletely separted fiom its attachment to the 
pubis In other cases it may lemaiii paitlj^ attached As 111 the first type the 
transvei sabs fascia fiequently is simply sti etched m fiont of the pei itoneum 
and foims one of the layeis of the coveiing of the heinia Occasionally a 
hernia develops through a longitudinal split m the conjoined tendon Regard- 
less of the mode of development, the impoitant alteiation in the anatomy is 
the dismtegiation of that pait of the conjoined tendon that is noimally attached 
to the pectineal line of the pubis 

If there is to be an anatomic lepaii of a direct henna the opeiation must 
include the reconstruction of the damaged conjoined tendon and the lestoiation 
of Its insertion into the pubis Diiect attempts to repaii the damaged tendon 
and to reestablish its attachment fail except in the case of a very small defect 
The hernia usually produces a wide gap m the abdominal wall between the 
intact poi tioii of the tendon and the supei lor 1 amus of the pubis The inelastic 
chaiactei of the tendon makes it impossible to leunite this structuie to its 
normal place of insertion The operations of Wolfler, Bloodgood, Halsted, 
Hotchkiss, Lusk, Beigei, and Downes all aim to create a buffer in fiont of 
the defect in the floor of Hesselbach’s tiiangle None have materially reduced 
the lecunence rate of direct herniae 

In order to accomplish a 1 econstruction of the flooi of Hesselbach’s triangle 
a substitution of the destroyed stiucture must be made In search for some 
suitable “substitute tissue” my attention was turned to the study of the ulti- 
mate fate of various types of autogenous giafts Fiom the excellent communi- 
cations by MacEwen,- and Gallic and Robeitson,^ it would appeal that an 
osteoperiosteal transplant apj^hed to bone 01 jDeriosteum becomes fii mly united 
to those structures tin ough the formation of fibi ous tissue Fui thermoi e, when 
peiiosteum, bone and periosteum, or bone alone is tiansplanted into tissue 
where they are not normally found , or where thei e is no function for them 
to perfoim, the)’- aie replaced by dense fibrous tissue scai In a series of 
experiments upon dogs I found that when fiee osteoj^enosteal giafts were 
attached to the transvei sc piocesses of the sj:)inal vertebiae and to the spinal 
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muscles they becaiue absorbed within a few weeks However there had 
been left a thick, dense layei of fibrous tissue firmly muted to the muscles and 
the tiansverse processes It was also found that bone and penZm “s 
more fibiogenetic than periosteum alone It seemed then that an osteopen- 
os ea transplant would answer the purpose foi the “substitute tissue” with 
\vhich to leconstiuct the floor of the Hesselbach's triangle Upon the basis 
of these obseivations and fiom the consideration of the pathologic anatomy 
of a direct inguinal hernia, the new principle which I now employ was devel- 
oped Since the preliminaiy report of the operation was published certain 
changes have been made Therefoie, I wish to describe in more detail the 
technic of the pioceduie in this communication 

Tcchmc of the Opciafwn — The lowei abdomen, including the inguinal 
legion, IS piepaied in the usual mannei One leg is also prepaied from the 
knee to the ankle The sterile diapes aie so placed that both fields are exposed 
Since this opeiation entails two distinct procedures m two unrelated parts of 
the bod)' teamwork is essential The plan has been for one surgeon to devote 
his attention to the inguinal legion while his assistant removes the osteo- 
peiiosteal giaft fiom the antenoi suiface of the tibia In older to follow the 
opeiation m stejDs the piepaiation of the giaft will be clesciibed fiist 

The Osteopc) losfeol Tiansplant — ^An incision about eight inches in length, 
beginning at the level of the tibial tubercle, is made ovei the anterior surface 
of the tibia The skin is i effected, theieby exposing the peiiosteum covering 
the btoad antenoi surface of the bone The peiiosteum to be removed is out- 
lined uitlt the point of the scalpel Its shape is somewhat like that of a tennis 
lacquet the oval part being the head piece and the handle foimmg the tail 
portion (Fig 3) The size of the head piece is deteimmed by the width ot 
the defect produced h)' the hernia as it piotrudes through the flooi of Hessel- 
bach’s triangle It must be uicle enough to completely budge this defect 
It IS cut fiom the enlaiged uppet end of the tibia The tail piece is simply 
the prolonged tapei mg poi tion of the graft, and is about six inches in length 
Aftei the graft has been outlined on the tibia the pei losteum is divided about 
its entue course (Fig 3) The head piece is elevated with a chisel by cutting 
thin sliveis of bone from the tibia, and leaving them attachea to the periosteum 
When the tail portion is 1 cached the peiiosteum is simjMj elevated fioni its 
bed The giaft then consists of an oval shaped head piece of peiiosteum 
covered with shveis of bone and a thin tail portion of free peiiosteum After 
the graft has been removed the incision is closed by bunging the skin edges in 
apposition with interiupted silk sutures It is not necessary to attempt to 

close the periosteal bed , 

Tcchmc of Homoplasty— oblique incision is made over the inguma 

canal The external oblique fascia is divided and the cord and hernia aie 
exposed The cord is retracted laterally, and the exact nature of the liernia 
IS determined The size of the defect in the floor of Hesselbach s triangle is 
noted The sac is then picked up m forceps and incised at its apex A purse- 
string suture IS placed aiound its base and the excess portion is excisec 
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intei.oi cpigastiic vessels a.e identified The conjoined tendon is freed from 
all aieola tissue and fat along ,1s fiee edge The I, gated sac is then pushed 
away from the piibis by gentle finger dissection The periosteum just pos- 
teiiorly to the pectineal line of the pubis is incised from the lateral edge of 
the Gimbelnat s ligament to the margin of the iiifeno. epigastric vessels 
(Lig 4 ) If tJiese vessels seem to mteifete with the closure they are ligated 
and divided The field is now leady for the reception of the graft The head 
piece of the tiansplant, with bone surface upwaid, is placed in the gap between 
tlie pectineal line of the pubis and the conjoined tendon (Fig 4) The inferior 
maigin of the tiansjDlant is sutuied into tlie s 5 it in the periosteum of the pubis 
with inteiiupted silk sutuies The superior margin of the transplant is placed 
posteiioi to the conjoined tendon and sutuied to that structure with interrupted 
silk sutuies These sutuies extend from the angle at Gimbernat's ligament 
to the edge of the tail of the transplant This portion of the transplant is now 
utilized to approximate the fiee maigin of the inferior border of the conjoined 
tendon to the inguinal ligament aftei the manner used for the Gallie-type of 
fascial sutine The fiist sutuie is passed through conjoined muscle, just abov^e 
the beginning of the tendon, then down thiough the inguinal ligament (Fig 4) 
hioni this point the sutuie is woven back-and-foi th from the conjoined tendon 
to the inguinal ligament until these structines are appioximated from the in- 
fenoi epigastiic vessels to Gnnbeinat’s ligament A final silk suture is used to 
fix the end of the transplant into the tendon The cut edges of the external 
oblique fascia are closed behind the coid The cord is now jjlaced m its new 
bed and the subcutaneous tissues and skin closed in the usual manner 

The fiist operation using this new principle was performed m February 
1937, at Chant} Hospital, New Orleans During the following r6 months 
20 additional such repaii s wei e pei foi med at the same institution All of the 
cases were carefully followed — 14 foi a peiiod of six months to one year 
There was not a single recuiience In July, i 93 S> I came to Gallinger 
Municipal Hospital, Washington, D C , and have lost contact with the Chantv 
Hospital cases My associates and I have performed the same operation upon 
64 patients at the Galhnger Hospital, and have succeeded in following all of 
these by personal observation In 34 cases the folloiv-up period ranges from 
one year to tw^o and one-half years Six months to one year has elapsed since 
operation upon 20 additional patients Including the Chanty Hospital group, 
there are now 68 cases in which the follow-up peiiod has been at least six 
months In the entire senes of 85 cases there has been only one recurrence 
This failure was the direct 1 esult of a gross infection of the wound It occurred 
early in the postoperative period and the entne giaft was eventually extruded 

The postopeiative caie of these cases has been the same as for all mguinal 
herniae The patient is allowed out of bed on the fourteenth da} He may 
resume his usual occupation eight weeks following his operation The healing 
process seems to be just as rapid as that following the simple Bassim operation 
There is one gieat difference noted in the osteoperiosteal repairs-the recon- 
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structed wall is thickei and more rigid Even m the cases with the longest 
follow-up period there still remains a strong inguinal wall, which is firml} 
united to the pubis This obvious building-up of a new fibrous wall has not 
been attended by any discoveiable ill effects Since the cord is tiansplanted 
outside the fascial layers there has been no damage to this structuie The 
osseous portion of the transplant is giadually absorbed It has been possible 
to follow this process by means of lepeated roentgenologic studies The first 
roentgenogiam, made duiing the early days of the convalescent period, has 
shown the outline of the bone in the graft merging into the denser shadow ot 
the pubis along the line of the attachment Roentgenogi ams made six weeks 
later failed to show this shadou in some, but it was still present m others In 
all the cases studied theie has appaiently been a complete absoiption of the 
bone within three months 

There have been thiee wound infections, two of these involving all layers, 
the other being onl) superficial In one of the grossly infected wounds, the 
slivers of bone contained m the graft weie gradually sloughed, but there has 
been no recurrence of the henna two years after the original repair In the 
other grossly infected uound the entire giaft was extruded within two weeks 
after the lepan, and theie was an immediate lecuiience of the hernia The 
leg wound has healed m all cases by piimaiy union There has been no evi- 
dence of any damage to the tibia In one case an hematoma developed undei 
the skin and had to be evacuated, but no serious consequences followed 

Although the nunibei of cases included in this report is small, and the 
follow-up peiiod inadequate, certain conclusions can be drawn A clear undei - 
standing of the pathologic anatomy of a direct hernia is essential The opera- 
tion does not require any special equipment or any unusual postopei ative care 
The removal of the osteoperiosteal graft from the tibia has not caused any dis- 
ability or prolonged the convalescent period The results of the operations 
usually employed for direct hernia show that about one-half of the lecunences 
develop within six months In the piesent series, 68 consecutive cases repaired 
with the osteoperiosteal transplant have remained intact over a six-month 
period This seems to indicate that the anatomic defect has been successfully 
bridged The permanency of the repair can be determined only by a much 
longei follow-up study 
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HC PRESENCE 01 AN OVARY jn the sac of an inguinal hernia is not com- 
nion, most sttigeons of laige experience having encoiinteied it one or more 
times However, the presence of the uterus in an indirect inguinal hernia is 
laie The earliest report of an inguinal hysterocele was made by Nicholas 
I ol, in 1531 While it is not stated, this was undoubtedly a direct type of 
hernia Seneitus and Hildarus, in i6io reported a case which they claimed 
was identical to the one described h)'’ Pol Another case described b}'^ these 
authois, and which w'as attributed to Doringuis, is variously classified as 
Cl Ural or inguinal Stud}' of these early reports show's that considerable 
confusion existed both as to the authenticity and exact nature of these cases 
Watson collected from the literature 30 cases of hysterocele, and 6r cases 
of heinia of the nonpregnant uterus a total of 91, 219 cases of hernia of 
the adnexa, So cases of tubal hernia, and 181 cases of the ovary alone 

While It IS impossible to give the exact percentage of incidence of this 
complication, it can be 1 caddy seen that it would be very small considering 
the number of heimotomies peifoimed 

Few' of the cases leported aie accurately described as to w'hether they 
are chiect or indirect inguinal heiniae Foi example, Jobson, in 1904, and 
Andrews, in 1906, repoited hernia of the uteius which was apparently of the 
direct type Makkas, in 1910, reported bilateral uterine hernia of a bicornate 
uterus, and here again a direct henna existed Only one author, Ludington, 
in 1920, definitely lecorded a case of the piesence of the uteius m an in- 
direct inguinal hernia in a child age 19 months 

So fai as the presence of oxanes and tubes in the sac of an inguinal 
hernia is concei ned, w'e find in the literatm e numerous references, the earliest 
appearing in the writings of Soranus of Ephesus about A D 97 McNeal}^ 
in 1914, lepoited a case of strangulated tubo-ovarian hernia in an infant, 
and, m 1920, a sliding hernia of the fallopian tube Deutschman, in 1923* 
reported a case of congenital absence of the vagina associated with bilateral 
hernia of a uterus bicornate tubes and ovaties In 1928, Saiiioft reported 
a case of diiect henna of tlie uteius and tubes through the inguinal canal 
Further review' of the hteiature shows a case of direct inguinal henna con- 
taining the ovary, tube and hoin of the uteius, reported by Hilarow'icz, m 
1928 In 1938, Remberger published an interesting study of the human 
ovo-testis associated w'lth a congenitaUy bisected uterus herniated into the 


inguinal canal 

While these cases aie raie 
them and to call attention 
surgical problems of hernia 


ly encounteied, it seems w'orth while to report 
again, to such complications aiising m the 
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C\Si: REPORTS 

Case 1 — A white woman, age 30, married, by occupation a profesbional acrobatic 
dancer, was admitted to Wesley Memorial Hospital, February 9, 1941, complaining of 
a lump m the right groin which appeared after a fall at the age of eight cears The 
lump could be reduced until eight years ago, since w'hich time it has persisted in its 




Dg I — Sic of the indirect 111^,11111^! litiiiii oi>eiied llltLrlorI^, bliowiiig riidiiiiciit 11 \ ntiiii^ 

present location A left inguinal herniorrhaph3 had been performed at the age of si\ 
The remainder of her historj^ w'as essential!} negative except that she had ne\er 
inenstiuated, and that there was a familial tendenc} toward hernia, as eMdenced b} a 
histor} of hernia in her giandfather mother, sister and nephew 

Phv<tical Exciimuattflii — This letealed entireh negatne findings througliout except 
foi the piescnce in the right groin of a mass the si7e of t hens egg whith jiresented 
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tip at the external ring, giving rise to an impulse on coughing Pelvic 
allowed II, c absence of the cerv,^, the Meros could no. be palpated 
sex charactei istics were normal ^ 
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examination 
All secondare 


Avei tin and cyclopropane anesthesia After exposure of tlie sac which 

was found coming through the internal inguinal ring, it was incised and found totn 
tam a rudimentary uterus which had undergone slight cystic degeneration at the fundus 
(Iig I) The cervix could be felt at the base of the sac near the internal niif^ 
alt iougli it was necessary, of couise, to palpate it through the thickness of the vaginal' 
walls and urmaiy bladdei The adnexa were not present in the sac The opening into 
the abdomen at tlie neck of the sac would only permit the insertion of the tip of the index 
fingei and it was, therefoie, impossible to replace the uterus without enlarging the 
opening Due to the failure to find the uterus on bimanual examination prior to opera- 
tion, the patient liad requested that should any abnormal contents of the sac be present 
she did not wish then removal unless absolutely necessary The opening into the 
abdomen was, theiefore, enlarged bj retracting the muscles upward at the internal ring 
and incising the peiitoneum m the same direction (Fig 1-3) The uterus was then 
I eplaced and the usual repaii employed after closing the peritoneum 

The patient made an uneventful recoeery except for a minor urinary complication, 
and returned to her work one month after operation 

CoAtMLNM — Tins ea'i.e brings up the possibiliU ot the severance of the 
left louncl bganient at tlie time of the first heiniotomy at the age of six. 
since the light heinia. appealed two yeais latei, perhaps brought on bv her 
acrobatic activities which she stated commenced in childhood 

Case 2 — A white woman, age 29, housewnfe, married, w'as admitted to Weslei 
Memorial Hospital April 10, 1941, complaining of a lump in each groin present since 
the age of tw'o These lumps appeared after a fall, and her parents at once applied a 
truss which she w'oie until the age of nine During the last two years she had noticed 
a pulling sensation associated wnth some soreness over the sw’elhngs, which had first 
appeared followung some corrective exercises 

Her past Instory w'as essentially negatne except that she had ne^er menstruated 
On pelvic examination a g}necologist some j'ears previously, she w'as advised that 
the uterus could not be found 

Physical Exauuiiatwii — This revealed negatue findings throughout, except foi 
the presence of tw'o irreducible masses, bilaterally, at the external rings Pelvic exam- 
ination revealed the absence of the cervix in the vagina, and the body of the uterus 
could not be palpated bimanually All secondary sex characteristics w'cre normal 
Opciahon — Cjclopropane anesthesia Exploration of the sac revealed it coming 
through the internal ring of the left side Upon opening it, it w’as found to contain 
a structure wdneh resembled an undifferentiated gonad the size of a normal testis, 
accompanied by its vascular supply (Fig 2) The processus vaginalis of this struc- 
ture was opened, the edges everted and sew'ed posteriorly to the organ (bottle opera- 
tion) No communication could be found into the abdominal cavitj Since it is be 
heved by some authorities that extirpation of such structures produces mental changes 
It was decided to return the gonad to the abdomen after a biopsy specimen was obtained 
Accordingly, the muscles were retracted upward at the internal ring and the peri- 
toneum was incised m the same direction, down to the proximal end of the 'ncision 
m the processus vaginalis Through tins opening an effort w^as made to locate 
uterus, but it could not be found, although the opening was not sufficiently Jarge t 
be certain The gonad was then replaced m the abdomen and, after closure o 
peritoneum, the usual repair of the hernia w'as carried out 11 j, 

made on the right side The findings were the same as on the left side, and, conseq 

the same technic w'as employed 
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Pathologic Examination — Mtcioscopic Dr E R Strauser “The biopsj specimen 
consists entirely of fibrous tissue with the exception of some tubular structures which 
are probably of testicular origin This cannot be definitely stated because they also 
resemble embryonic remnants, which are often found about the tubes I do not believe 
they belong definitely to either the male or female genitalia ” 



Muscles opened 


ranract-ecl 



Fig 2 — Sac of the right indirect inguinal hernia opened 'intenorlj shouing the gomd Ijiiig 
iindwaj along the inguinal canal A sinnlat condition was found on the left side 


CONCLUSIONb 

Two cases aie lepoited one containing- the uterus in the sac of an 
indiiect inguinal heinia, and the othei, gonadal structuies on each side of a 
bilateral indirect inguinal heinia 

Such findings aie infrequent, accoiding to the hteiatuie. and aie repoited 
heie foi the puipose of calling attention to the complications that may arise 
lu so common a condition as mgpiinal hernia 
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PRODUCTION OF A THROMBOTIC BARRIER IN THE 
TREATMENT OF VARICOSE VEINS' 


Joseph T Gault, M D 

Chicago, Ili 

FROM THE PERIPHERAL VASCULAR CLINIC OF MOUNT SINAI HOSPITAL, CHICAGO, ILL 

This paper is concerned uith the description of a simple, nonopeiative 
method foi limiting the chemical thiombophlebitis following retrogiade in- 
jection of the internal saphenous vein dm mg high ligation to the thigh portion 
of that vein 

Retiograde injection of the internal saphenous vein duimg ligation was 
first piacticed by TaveP^ in 1904 Moszcovitz,^^ in 1927. reemphasized its 
advantages Howevei, the level of ligation described b} both these wiiteis 
was considerably lowei than that at which it is perfoimed today In 1934, 
Edwards,** m an excellent anatomic study giaplncally illnstiated bow tbe 
point of ligation of the internal saphenous vein has giadually moved upwaid, 
so that today it is generally accepted that ligation of this vein should be 
done at the femoral junction with separate ligation of all available tiibutaiies 
In this countiy, Faxon,'' 111 1934, was fiist to describe the advantages of 
letiogiade injection Since that time, this method of tieatment of vaiicosities 
involving the inteinal 01 gieat saphenous vein, that is, high ligation at the 
femoial junction, with separate inteiruption of all tributaries entering into it, 
and the injection of a sclerosing solution distally, has come to be accepted 
as the most efficient mode of treatment 111 cases where theie is evidence of 
incompetence of the valves of this vein, as demonstrated by a positive 
Tiendelenbeig test 

The Thtgh Poition of the Intenwl Saphenous Vein — It is inteiesting to 
note that eaily in the injection tieatment of vaiicose veins the failure to 
obliteiate the thigh poition of the internal saphenous vein was lecognized 
as a piimaiy, if not the most important, cause of lecuiience DeTakats,- 
111 1930, and McPheeteis,® in 1931. stated that the existence of a column 
of blood in the unobliterated thigh portion exeits pressuie upon the throm- 
bosed vai icosities m the leg and so contributes to then 1 ecui rence M Pheet- 
ers,** m order to eliminate the patent high poition, recommended injection 
of the internal saphenous vein fiom ankle to thigh m one sitting 

It would seem that theie aie thiee mam factois involved m the rectii- 
lence of vaiicosities that have been thrombosed by injection without pievious 
ligation The fiist is the fact that all thrombi have a ph}siologic tendency 
to lecanalize unless the irritating agent has caused a very seveie inflam- 
inatoiy leaction involving the entne vein nail The second factor has 
recently been well illustiated by the woik of Adams,' who shoned that the 
pnie gravity effect of a column of blood from the light auricle to a point 
of measui ement in the mid-calf pioduces a pressure of 64 to 88 mm of 
inercuiy in the standing position m patients with varicose veins regardless 

* Presented before tbe Chicago Surgical SocieU, ^,la\ 1, 1942 
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of whether the valves are competent or not He pointed out that the 
piesence of functioning valves has no effect on this gravity pressure since 
the fact that this venous system ,s full of fluid (blood) fulfils the require- 
ments of Pascal s lau The third factor is the effect of straining on this 
standing or gravity piessure Adams found that straining caused the 
piessuies mentioned above to be inci eased by from 12 to 136 mm of 
meicuiy lesulting m a pressuie of 224 mm m one of his cases, a figure 
fai above the noinial systolic arterial pressure The increase m piessure 
produced by stiain he has shown to be particularly high in individuals with 
incompetent saphenous valves Aftei high ligation the straining pressures 
weie reduced by fiom 20 to no mm of meicury 

The work of Adams, thus, very well illustrates the value ot ligation 
How^ever, it is evident that ligation alone, wuthout a simultaneous obliteration 


of the thigh portion of the internal saphenous vein, wmuld still leave a column 
of blood exeitmg a pure giavity jnessure on the leg veins Adams work, 
thus, coiioborates the lationale for retrograde injection since this procedure, 
w'hen successful, msiiies the obhteiation of the thigh portion of the internal 
saphenous vein 

Uittozvaid Reactions Folloz<.<ing Rcfiogiacit Injection — ^Retrograde in- 
jection of a scleiosing solution at the time of ligation is now^ quite generally 
accepted as the method of choice in the treatment of varicose veins involving 
the internal saphenous vein 111 cases wdiere its valves are shown to be in- 
competent by means of the Trendelenberg test'”' 10 12, 13, 14, w How'ever, 
the wniter has frequently witnessed very marked reactions following this 
pioceduie In his expeiience this is paiticularly tiue in patients wuth 
extensive vaiicosities 111 wdiom the ensuing chemical tin ombophlebitis and 
periphlebitis, involving as it does the w'hole internal saphenous tiee, causes 
disability foi a w'eek 01 longei 


ILLUSTRATIVE CASK REPORT 

Mrs R C , age 52, on examination. May 23, 1940, was found to have large vari- 
cosities involving the left internal saphenous vein On the right side, there was moderate 
involvement of the external or small saphenous ^ein The Trendelenberg test revealed 
d marked reflux phenomenon, and the Perthes test indicated normal patency of the deep 
veins Point seventy-five cubic centimeters of sodium morrhuate was injected into one 
of the veins of the left leg, to make certain that the patient was not sensitized to this 
solution Two days later, a high ligation of the left internal saphenous vein was 
performed, and four cubic centimeters of sodium morrhuate was injected distally 
That evening, the patient complained of severe pain and discomfort When seen the 
following morning, there was considerable redness, moderate induration, and marked 
tenderness all along the course of the saphenous vein from ankle to groin Ihe 
oral temperature ^^as 104° F This patient remained in bed for eight days For 
the first SIX days, there xvas a low-grade fever ranging from 99 to 1006 F Codeine 
and hypnotics had to be administered to keep the patient in a degree of comfort 

It IS obvious that this type of reaction tends to defeat the ambulatorj 
nature of the injection treatment Lowenberg^ has called attention to simi ^ 
expel lences In 1937 , he stated that m order to obviate the considerable 
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disability resulting fioni ext ensue swelling, pain, etc he regulail) ligated 
the saphenous vein at the knee piioi to high ligation and retrogiade in- 
jection, and thus limited the tin oinbophlebitie leaction to its thigh poition 
Retrograde injection of the internal saphenous vein during high ligation 
has been practiced in this clinic since 1936 The uiitei has alwa}s felt 
that the pioblem of eliminating varicosities of the internal saphenous vein 
was essentially a pioblem of scleiosmg its thigh poition About 80 pei cent 



Fig I — Drawing illus 
trating the relationship of 
the internal saphenous vein 
to the medial epicondyle of 
the femur 


Fig 2 — Drawings showing the 
proper location of the occluding 
thrombus or thrombotic barrier The 
optimum location is slightly above an 
imaginary horizontal line bisecting 
the patella 


of cases of vaiicosities occui in uomen Tn them, the thigh poition of the 
internal saphenous, unlike the leg portion, is covered by a thick layei of 
fatty tissue, making palpation of this vein m the thigh, foi purposes of 
injection, often quite difficult This is paiticularly true aftei simple ligation 
In the expel lence of the wiitei, seveie leactions following letiograde in- 
jection, as illustiated by the case lepoit, and desciibed by Lowenberg, 
occur in one-half to two-thiids of cases wuth seveie varicosities In the past 
^ear, the following method has been used to limit the chemical thiombophle- 
bitis to the thigh portion of the inteinal saphenous vein in all cases where 
high ligation wuth retiogiade injection is planned 


METHOD OF PRODUCTION OF THKOMBOTIC BARRIER 

ihe internal saphenous vein at the level of the knee is palpated At thu 
point, the vein wull be found about thiee-quai teis of an inch medial to the 
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fact that U e laye, of fat at th„ level ,a much th.mter that, on fte 'thS 

nonl uate) The pattent ,s asked to ,c(mn ,n tinee or four days If no 
iiombosis has occuried, the vein is leinjected with i 5 to 2 cc of solution 
c ependiiig upon the calibei of the vessel Any palpable tributary 111 the 
icgion of the knee is siniilaih tiealed Ligation and retiogiade injection 

IS peifoimed when a film thiombus has 
lesultecl This usually takes ten to 14 
clays In this way, an occluding thiom- 
bus, 01 thiombotic barrier, is created 
w Inch pi events the sclei osmg solution in- 
jected into the mteinal saphenous \ein at 
opeialion from passing belov the le^el 
of the knee (Fig 2) 

The expel lence with 95 cases in vhom 
the pioduction of a thrombotic barriei pie- 
hminary to ligation was attempted has 
been as follows In 62 cases (65 pei 
cent), film thiombosis of the saphenous 
vein at the knee was obtained aftei the 
fiist injection In 14 cases (15 per cent), 
two injections were necessarj, while in 
12 instances (13 pei cent), thiee or foui 
injections weie lequiied In seven cases 
(7 per cent), no thrombosis vas ob- 
tained after foui injections and ligation 
with retrogiade injection was jierfoimed 
in the usual manner 

Method fo! Locating the Internal 
Saphenous Vein in the Fossa Ovali^ — 
Many suggestions have been made foi 
locating the internal saphenous vein 
in the fossa ovalis Briefly, the most 
common pioceduies employed aie the 



S u-per-ficial 
(-pk^astric vein. 

Femoral vein 

Su-parEuiial 
external 
pudendal vein 

(,7 .iT.SAxlduclop londus 
muscle ^ 

Medial 
superficial 
temcrral vein. 

Lateral 
superficial 
femoral veui 


f/''Lo 


'tW saphenous 
vein 


I IG 3 — DniMng illustnting the reh 
tionslnp of the intennl saphenous vein in 
the fossi ovalis to the easilj palpable in 
serting portion of the adductoi longus mus 
cle The vein can be felt one lialf to one 
inch lateral to this landmark in the great 
inajoritj of cases Note the relationships of 
the five mam tributaries The upper two 
and occasionallj even the superficial femoral 
veins may join the femoral instead of the 
internal saphenous v em 


following 


Estimating 


the location of 


tlie vein bj'’ measuring one inch medial 
to the femoial arteij, vhich is located by its pulsation, palpating the trans- 
mitted impulse ovei the A'^em at or near the fossa ovalis following percussion 
of the vein m the 1 egion of the knee or lower thigh , using the pubic tubercle 
as a fixed point and measuring an aveiage of i 5 cm below and 4 cm 
lateral to it, in oidei to locate the fossa ovalis 

For the past six yeais, the following method has been emploj'ed for 
locating the internal saphenous vein in the fossa ovalis preliminary to ligation 
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and foi the performance of the Trendelenbeig test With the patient in 
the standing position, the examining fingeis are placed o^er the thick, firm, 
adductor longus muscle at its tendinous insertion and are then moved one-half 
to one inch laterally, wheie the vein will be felt as a soft, }ielding tube (Fig 
3) It IS easy to palpate the vein by the use of this method even m the 
most obese patient because of the fact that the layei of fat in this legion, 
as over the knee, is lelatively thin and also because the vein in the vaiicose 
state, IS almost mvaiiably dilated The couise of the vein is then tiaced 
on the skin with a dye 

Opeiafivc Teclimc — The opeiative proceduie followed is essentially like 
that desciibed by Faxon, and other \\riteis A shoit tiansverse incision, 
perpendicular to the dye maik, is made about one-half inch below the 
inguinal fold The supeificial fascia is then incised in a diiection paiallel 
with the skin incision The vein is sepaiated fiom the fatt} and areolar 
tissues suiiounding it and is then ligated high with No 00 chromic catgut 
This first ligatuie senses for ti action dowmwaids to aid the exposure of 
the two uppermost tributaries — the superficial epigastiic and supeificial cii- 
cumflex iliac veins These, if tiibutaiies of the internal saphenous instead 
of the femoral vein, as they sometimes aie, aie separately ligated and 
seveied Anothei ligature is then placed on the saphenous vein above then 
point of junctuie The supeificial external pudendal vein is similaily tieated 
The lateial and medial supeificial femoial veins, if piesent, aie not ligated 
since that would pi event the scleiosmg solution fiom enteimg them Thiee 
to four cubic centimeteis of sodium moiihuate aie then injected into the 
saphenous vein distally A No 16-gauge needle, pieviously lient to an 
angle of 120°, to facilitate entrance into the vein, is used foi this purpose 
The vein is then ligated again about one inch below the point of injection 
and the segment of vein between the highest pioximal and the distal liga- 
ture IS excised 

Within 24 to 48 houis, the thigh poition of the internal saphenous 
vein becomes thiombosed Often, in ovei one-half of the cases, the ensuing 
leaction is accompanied by considerable peiiphlebitis Howevei, none of 
these patients have been incapacitated foi longer than a day The injection 
of the patent leg varicosities is begun twm w'^eeks aftei ligation and is done 
at w'eekly inteivals 

Comment — The comfoit and the abilit} of these patients to engage 
in their usual pursuits has been in diiect contiast to the discomfort and dis- 
ability sufifered by most patients wdio have been subjected to ligation and 
letiogiade injection wuthout the cieation of a barrier at the knee Possibly, 
the reason foi the absence of disabling symptoms is to be explained by two 
factois Fust, tbe limitation of the thiombophlebitic and penphlebitic process 
to a smallei surface , and second, the absence of inflammation in low er region 
of the knee and leg, lesulting in painless locomotion 
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SUmiARY 

1 The combined hgation-reti ograde injection treatment of varicos” 
veins often causes considerable disability and discomfort in patients with 
marked involvement of the mteinal saphenous vein 

2 A method is desciibed wheieby a thioinbotic barrier, or occluding 
thiombus. is cieated m the internal saphenous vein in the region of the knee 
lot the pm pose of limiting the thiombophiehitic piocess to this level This 
lesults in piacticalh no disability to the patient An expeiience with 6o 
patients is desciibed 

3 A simple method foi locating the internal saphenous vein in the 
fossa ovahs, pielnninaiy to ligation oi to peifoimance of the Tiendelenbeig 
test, IS desciibed 
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Since there have been a numbei of recent excellent leviews of adaman- 
tinoma, theie IS little indication foi lepetition Hence, it is not oui purpose 
to approach the subject fiom such a standpoint but meiely to leport two cases 
which were tieated by hemisection of the mandible Both cases had been 
tieated less ladically, on one or seveial occasions, with subsequent recui- 
lences It is of interest that the mutilation is less than might be anticipated 
even without dental piosthesis, and the result fiom a functional standpoint 
is giatifying 

Case I — N E, coloied, female, age 29, was admitted to the Lakeside Hospital, 
June 27, 1934, complaining of swelling of the left side of the lower jaw, which had had 
Its onset shortly after the extraction of a tooth some two years previously Growth 
during the preceding nine months had been exceedingly rapid During recent months 
the patient had had difficulty m separating the teeth more than one-half centimeter 
The tumor mass was of the dimensions indicated in the photographs (Plati I a and b) 
and in general was quite firm, although just below the zygoma it had a less firm char- 
acter The patient had a rather marked secondary anemia which could not be accounted 
for On three different occasions partial resections and curettenients had been carried 
out with ensuing recurrences 

Opeiation — October 31, 1935 Without preliminary ligation of the external carotid 
being carried out, a hemisection of the mandible was performed under intranasal catheter 
anesthesia The mandible was divided through the symphysis and disarticulated at the 
temporomandibular joint The mouth was opened into and an area of mucosa was 
removed with the jaw where it was ultimate^ attached to the tumoi Considerable 
respiratory difficulty developed when the incision was extended posteriorly to the 
pharyngeal gioup of muscles, however, this was entirely corrected by the insertion 
of an airway Qosed intratracheal anesthesia might be useful , how'ever, wuth reasonable 
care the above type of anesthesia proved quite satisfactory The mucosa and submucosa 
were closed and a diain was inserted in the subcutaneous tissues at the posterior portion 
of the incision The wmund healed wnthout a fistula in about fiee weeks Histoloou 
poi f Adamantinoma 

One w'eek postoperativeh^ the teetli w'ere wired to avoid deformitr the wire was 
removed aftei five w'eeks (Case 2 w'as not wired) The subsequent couise was satis- 
factoij and there w'as no evidence of recuirencc of the lesion in the mandible Howeeer 
about SIX months latei an obviously cystic swelling w^as noted in the left temporal fossa 
which gradually mci eased in size (dotted circle m Plate I b) It was definitel} in 
the temporal muscle and it w^as thought it represented an extension fiom the coronoid 
piocess or actual reti action of neoplastic tissues with the temporal insertion at the time 
of the resection of the mandible On May i, 1936, the left temporal fossa was exposed 
through an incision aboee the hair line, the zygoma was resected its full length for 
exposure and the cystic lesion was entiieh lenioeed The premise pretiousb suggested 

to Its origin was consistent w'lth the findings Examination in March, 1942, shows 
there to he a local lecuiience m the tempoial tossa b it none in the legion of the mandible 
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Case 2 — L J coloied, female, age 30, was admitted to Lakeside Hosmtal 
her 30, 1932, complaining of swelling of the left side of the jaw whfch she'hS fiTsi 
noted some 12 years previously following the extraction of teeth I„cr ase in s^e had 
een gradual and not painful The patient recently had noted cystic projecL widim 

fPl.rfTI a^aT/f '""''“If "" swelling of the dimensions indicated in the photograph 
(Plate II a and b) , this swelling only slightly impaired the ability to open the m^outh 
To palpation extenoily it was neither bony hard nor definitely cystic, however, there 
weie several projections into the mouth which were definitely cystic On October 4 
1932 partial resection and ciiiettement were earned out Histologic Rel>o,t Dentigerous 
cjst (follicular) ^ 


The subsequent course was satisfactoij for several years, however, cystic areas re- 
appeared in the mouth, and roentgenograms revealed involvement of the mandible up 
to the temporomandibular joint On Januar3 29, 1937, hemisection of the mandible wa= 
carried out as described m the preceding case, although in this instance the resection 
uas between the canine and lateral incisors Examination of the resected specimen 
levealed the expansile effect of the lesion which was further manifested bj' the upward 
migration of the coronoid process (Fig i) There might also have been a degree of 



I'lG I — Cise 2 Resected hilf of imndible 


rotation as a result of the previous local resection of the mandible rvliich might explain 
the apparent migration of the coronoid process upward However, in other instances of 
expansile lesions we have noted apparent upward migration of the coronoid Histologic 
RepO! t Cystic adamantinoma 

The change in the pathologic diagnosis cannot be considered too significant 111 view 
of the slmlla^t}^ microscopicallv, of the original lesion and the more cystic tipes of 
adamantinoma The subsequent clinical course w'as satisfactory and there have been no 
recurrences to date 


While dental piosthesis might impiove the cosmetic lesiilt, it was not 
employed m eithei o( these cases Howevei, since the deformity is manifest 
by a flattening extending up to the level of the zygoma, this could not be 
entiiely collected by any form of dental appliance The occlusion of the 
teeth of the lemammg poition of the mandible is satisfactory and from a 
functional standpoint the patients can masticate quite well The excellent 
muscle power ma}' he demonstiated by noting the difficult}^ assoaate ni 
the withdrawal of a tongue blade mseited between the teeth Except for 
the loss of masticating suiface theie has appaiently been little ® 

masticating efficiency of the lemaimng jaw At no time . j 

compla.ned of pain .n the .ema.n.ng teraporoniandthiila. jo.nt ‘ " 

anticipated because of abnormal distribution of stiess and strain W 
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the cosmetic standpoint a dental prosthetic appliance might be indicated, it 
IS believed that fioni a functional standpoint it might place too much stiain 
on the remaining temporomandibular joint, unless a fulcrum v,eie. established 
in the upper jaw on the lesected side 

In the first instance lesection was, of necessity, earned out in the midline, 
and if any deviation of the chin occuis it is away fiom the side of resection 
In the second case it was piactical to resect between the incisors and canine 
teeth, and it will be noted that theie is slight deviation tow aid the side o1 
resection Although the teeth w^ere not wired postoperatively in the second 
case, we are inclined to believe that the discrepancy m deviation is due to 
muscle pull, i e , the nature of the muscle attachments lemaimng (largely the 
pieseivation of the origin of anteiior belly of the lett digastric) This maj 
well explain the observed tendency to more marked deviations in unilateial 
lesections of much less magnitude than hemisection 
Our limited expeiience w^ould lead us to agree that the lesion should be 
widely excised, and if it is of any extent that hemisection should be given 
consideiation The mutilation incident to hemisection may be less than antici- 
pated and from the functional standpoint largely represents a diminution of 
masticating surface Kimm and Baranoff^ leport a senes of 26 cases of 
adamantinoma, in 13 of wdiich they cairied out hemisection of the mandible 
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SO-CALLED DISLOCATION OF THE LOWER END OF THE ULNA 

Henry Milch, M D 

New York, N Y 

from the hospital tor joint diseases, new IORK CITl, N I 

‘Dislocation of the lower end of the ulna” has been described as oc- 
cuinng aftei CoJJes hactvre, w Madehng’s deformity, m arthritis of the 
infeiioi ladio-ulnai joint, as well as in a vaiiety of other fundamentally dis- 
sinnlai affections Though the very diveisity of the cii cuinstances under 
which these so-called dislocations have been discovered should, in itself, have 
cast some doubt upon eithei the validity of the diagnosis oi the unique 
natuie of the undei lying jiathology, this lias not been the case Largely, it 
appeals that the diagnosis depends upon the fact that dorsal prominence 
of the ulnai head, especially on pronation of the forearm, is a common and 
distinguishing featuie of these different conditions Yet when the roentgeno- 
giams of individual cases are studied closely, any conclusion justifying such 
a diagnosis seems to be open to very serious question In one, there may 
be an abnormal dispropoition in tlie length of the radius and ulna In 
anothei, theie may be a diastasis at the inferior radio-ulnar joint, without 
any change in the lelalive lengths of the bones In a thud, the most striking 
featuie of the loentgenogiam may be an axial malalignment of one or both of 
the bones, while in still anothei no bony abnoimality wliatsoever may be 
present 


The observations of these varied i oentgenogi aphic appeal ances becomes 
moie significant when the effort is made to understand just what is meant 
by “dislocation of the inferior end of the ulna” If the teim is employed 
in Its usual connotation, it should imply a displacement of the infeiioi end 
of the ulna in relation to a inoie pioxiinally located joint surface Mani- 
festly, this cannot be intended, since it does include the conditions under 
discussion But even if its meaning were extended, so as to embrace 


displacements in lefeience to more peiipheially located sui faces, the term 
would still desciibe no cleaily definable anatomic concept Because of the 
continuity of the ulnar shatt and the solid inclusion of its uppei end m the 
elbow joint, dislocation of the louei end cannot occur, except as the result 
of fiactuie of the shaft In fact, it seems theie is no such condition as 
“dislocation of the lowei end of the ulna ” The term is a misnomer and is 
misleading, because it is not the ulna which dislocates in relation to the ladio 
carpal mass, but, on the contrary the iattei which becomes displaced m 


respect to the stationaiy ulnar head 

Since, as will be seen, prominence of tlie lowei end of the ulna is topical 
of a numei of difteient affections, a more accuiate designation, based upon 
their common symiptomatology, appears to be desn able In genera , 
whole gioup is chaiacterized by weakness of the wrist, pain or tenderness 
on pressure, a clicking sensation on rotation of the forearm, and an abnormal 
prominence of the ninai head Bv analog! with the teimmolog^ used m 
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desciibing many injuiies to the knee as “internal dei angementb, it seems 
reasonable to suggest a similar designation, “deiangement of the uiist’ foi 
the disabilities here revieiied This difterence m teiminology is of more 
than academic significance, because of the theiapeutic consequences which 
each of the two concepts entails The one leads to a seaich for and a 



Fig I — C ise i (A) 1 ht Mte of the c irlicr osteotonij of the ntlnis is to be seen 
i he latoal dc laiion of the hand persists due to ■ibnornial projection of tin. uln u htid 
below the lecel of the shortened r idius Note dnerRence of the fore inn bones 
(B) Following subpenoste il lescetion the lower end of the uln i Ins regenerited The 
herd IS simller uid there is mcdtal dc tulion of the vlna Bee luse of this the mil 
piralleliEin of the forearm bones his been restoied eecn though the dilTerenee in length 
has not been conected 


collection of the undeihmg pathologc The othei leads quite naturalh to 
the simple expedient of icsection of the piojecting end of the ulna" In 
one case in which this method was .qiphed a ven inteicstmg observation 
^\as made 

Case 1 — T S , age nine, was Inouglit to the hosintal in Noeeinbci lo^^, because oi a 
painless swelling of the left wiist The inotliei stated that tbe child s wrist had been 
twisted" some two months before Exaniin ition disclosed preimmeiice ol tbe left ubnr 
sljloid The band was held in eolar and radial deeiition 1 here was no iiain or tender- 
ness No limitat on of motion was obseiaed in tbe band oi fingeis Measured from 
the tip of tbe olecranon to the radial st\loid tbe left toiearm was about one and one- 
quartei mebes shoitei than tbe light Roentgenograms showed a seiiintion oi tbe bones 
at the wiist The laduis was short The distal ladi.il epnilnsis was wide, imisb- 
loonied and silerotie Tbe pi me oi tbe aitirular surfaet. iiu lined nuteb lorward and 
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In tlie face of the marked bony deformity, it was apparent that the recent h.ston 
of trauma was mciely coincidental and not of etiologic significance In fact the patient 
nas consic^cred as suffering from a Madeliing’s deformity, and a manipulative correction 
of the deformity was unsucccssfullv attempted In December, 1936, because of the 
progressive radial deviation of the hand, osteotomy of the radius above the epiphyseal 
line e\as undertaken Despite this, radial deviation of the hand persisted Roent-^eno- 
grams taken one jear later, m Decembei, 1937, (Fig i A) disclosed a marked dispro 
portion m the relative length of the forearm bones The ulna projected not only below 
the level of the radial styloid but well beyond the proximal row of carpal bones, and 
even with the hand m tadial deviation impinged against the carpal cuneiform In 
October. 1938, a subperiosteal resection of the lower end of the ulna was performed 
and the forearm was immobilized in plaster for a period of eight weeks Thereafter, 
physiotherapy tvas instituted The patient has noted complete return of power and has 
no limitation of motion She notes occasional pain on change of w’cather Examination 
discloses but slight prominence of the ulnar head on pronation The wrist is wnder 
than on the opposite side Roentgenograms (Fig i B), taken in December, 1939, dis- 
closed the explanation of these phenomena The lower end of the ulna has regenerated 
'I hough Its level ith relation to the carpus has been changed but slightly, the ulnar 
head is defimtelj smaller and has clearly been deformed by medial pressure of the 
carpus The fact that radial deviation of the hand disappeared after medial displacement 
of the ulna occuned seems to indicate clearly that it was the carpus and not the ulna 
which was “dislocated” 

Though resection of the lower end of the ulna may' indeed effectively' eliminate the 
distressing prominence of its low'er end, the possibility of injury to the ulnar collateral 
ligament with resultant disabilitv is a danger to w'hich Darrach has himself called 
attention 

Fiom the functional point ot view, tlie w'list is a compound joint, composed 
of the lacliocaipal, the intercaipal the meniscocarpal, and the ladio-nlnar 
joints In this complicated appaiatus the head of the ulna forms a truly 
pivotal point It IS the point in relation to which the normal position of 
the othei bony landmaiks aie detei mined and about yvhich all of the motions 
of the w'nst must be conceived of as occurring It is the point to w'hich 
are attached the ligamentous structures which fix the ladiocarpal mass and 
thus msuie free and forceful w'list motion These ligaments comprise, 
loughly, thiee sepaiate groups w'hich diverge fan-like trom their ulnar 
oiigm The fiist, the triangular fibrocai tilage, is attached to the inferior 
surface of the ulnai head and serves to unite the ulna with the sigmoid notch 
at the lower end of the radius The second the ulnai collateral ligament 
arises from the styloid tip is fiimly united to the base of the triangular 
fibrocai tilage, and is inseited by two fasciculi into the cuneiform and pisi- 
form bones The thud includes the anteiioi and posteiioi inferior ra 10- 
ulnai ligaments which aiise from the lateial aspect of the ulnar ’ead an 
bind It fiimly into the ulnar notch on the laduis Loss of the integrity of 
eithei of these lesults m decreased fixation of the ladiocaipa ’ 
lesultmg prominence of the lowei end of the ulna, and 
non foi repair 01 reconstiuction of the damaged 
ablation of the keystone upon which the functional integii j 0 

structiues depends 
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The ulnar collateral ligament is probabh the most important of the<=e 
ligaments in stabilizing the wrist joint Though the htciatuie seems to 
indicate that injury to the triangular fibrocartilagc is the primar} cause of 
the w^eakness of the wrist joint** it seems much more hkeh that this is 
frequently only coincidental to the moie senous detachment of the ulnai col- 
lateral ligament 

The following case seen shoitlv attei the lepoits of Mitchell and (jibson^ 
IS of interest in this connection 

Case 2 — J J, age 17, was first seen in June 1926, complaining of weakness and 
pain in the left w’rist The pain began on the ulnar side of the left w rist and radiated 
up into the forearm and dowm into the fingers It w'as made w'oise bj tepewnting, so 
that the patient was forced to stop his w'ork He occasionally complained of weakness 
in the fingers and a clicking sensation on rotation of the forearm 

On questioning, it appeared that during a baseball game m 1924, the patient had 
suffered an injury wdnle sliding into base with the outstretched left hand m full prona- 
tion He complained of immediate pain and a maiked prominence o\er the lower tnd 
of the left ulna One of his friends “pulled his w'rist out" and the patient felt some- 
thing snap into place Shortly thereafter he w'as seen by a plwsician, who stated that 

the patient had suffered a fracture of the w'rist Treatment consisted of splinting for 
a period of tw'O months, after wdnch the patient returned to w'Oik In the earb jiart ol 
1926 the patient began to notice pam and a gradual prominence of the lowci end of 
the ulna 

Examination disclosed what appeared to be a marked hypermobility of the ulna 
both forw'ard and backw'ard On pronation, the ulna became definitelj prominent on 
the dorsum of the w'nst As the hand was pronated and supinated a soft click could 
he felt and heard over the head of the ulna There was no limitation in motion of the 

wrist On the right side a radial deviation of the hand to 20° w'as possible On the 

left side, this w'as possible to When the hand w'as examined in this position, there 
W’as a distinct depression to be felt just beneath the ulnar st\loid The w’hole hand 
could be abnormallj’' displaced forw’ard and to the radial side There were no weakness 
or sensory disturbances 111 the hand or fingers Clinicalh there appeared to be no 
change m the position of the bon\ landmarks 

The roentgenograms were reported b} Dr A B Ferguson as follows “The sUloid 
process of the ulna is separated fiom the shaft at its base This condition is belie\ed 
to be a developmental ahnoiinahtj No other Nariation from the normal is noted at 
this examination" Howe\er, it is to be noted that there is a definite anterior dis- 
location of the cai Jills and that the head of the ulna articulates with the radius at it'- 
normal leicl (Fig 2 A and B) 

Despite this it was felt that the jiaticnt had probabh suffered a fracture of the 
.ilnar stiloid, with lupture of the ulnar collateral ligament and the attachment of the 
tiiangular fibrocai tilagc Since the fracture of the stjloid did not seem to be the cause 
of the sMiiptoms, it appeared hkeh that the disabihte was to be attributed to the solt 
tissue mjur\ and exploration of these structures was undertaken 

0 pet at ton — Juh, 1936 Through a longitudinal ulnar incision, the course ol the 
ulnar collateral ligament was exposed The ligament was found attached to the tiji 01 
the stiloid jirocess The triangular fibrocartilagc, still parth attached to the uln 11 
stiloid, was comjileteh torn awae from the inferior surface of the ulnar he id Tin 
lelationship of the head to the radius appeared undisturbed \n effort was made to 
sutiiie the fibrocai tilage to the edge of the ulna and a hca\\ chromic suture v as taken 
through the steloid process to unite it and the attached ulnar ligiriieiu to the tiji (U 
the ulna The wound was closed in the usual mannei and a jilaster 01 pir*' b’^ndagt 
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Soniewliat similar experiences have been reported in rerarcl tn i 
'njn„e, ,„e ,„fe.,or .ad,„-„I„ar l.ga.nents D.aab.lmes 'd„e to 



Jig 2 — Cise 2 (A) I lie hones ire of reljtnel} ncirnial length There is 1 slight 

tliastisis of tile radio iilini joint hut the ulnar head articulates iiorniallj with the notch 
on the radius There is no ridial deaiation of the hand (B) Lateral tiew discloses 
the dorsal prominence of the ulnar head, "so called posterior disloc ition of the ulna 
simulated hj anterioi displacement of the radiocarpal mass 


ances in these stiuctures present essentially the same symptoms and signs 
as are chaiacteiistic of the whole group oi wiist joint deiangements In 
addition, howevei the loentgenograms disclose a diastasis at the inferior 
ladio-ulnai joint, the bones being ot normal length This, of course 
IS the pathognomonic sign, and the one which indicates the necessitj^ for 
lepair oi i econstruction of the involved ligaments 

In 1926, the writer® devised a fascial loop operation designed to accomp- 
lish this purpose The proceduie seems to have met a definite indication, 
in the opinion of other surgeons With but slight modification it is almost 
identical with the operations later described both by Eliason,'* and by Low- 
man ® However, attention must be called to the important fact that this 
technic is indicated, when and only when, the luxation occurs without loss 
of the normal bonv alignment It is intended stricth for repair of the 
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ligamentous apparatus and can have no successful application unless the 
bony disproportion has been previously corrected Indeed, the necessit} 
for reestablishing noimal bone relationships before undertaking an} ligament 
reconstiuction, formed the basis of the convei sation to which Low man le- 
feired m his repoit of 1930 

The bone dispioportions which may be found m deiangement of the wiist 
fall into thiee main gioups Each presents the geneial features of the larger 
class of w^rist deiangements and. in addition, at least one distinguishing 
sign, wdneh justifies its special considei ation The first of these gioups is 
chaiacteiized by a loss of paiallehsm, an angulai deviation 111 the axis of one 
01 the other of the two bones of the foreaim Most commonly the ladius 
IS the site of angulation such as is found in Madelung’s defoiniity 01 m a 
malumted fiactuie Occasionally, how'evei, the deformity may be caused b) 
disease or maliinion 111 the ulna As legaids the mferioi ladio-ulnar joint, 
the effects fiom the involvement of eithei of these bones may be identical 
and the only dififeience wall be in the point of application of the coirective 
foices In this type of case, simple osteotomy, for conection of the mal- 
alignment, is usually, but not invaiiably, sufficient to oveicome the disabiht}. 
as Campbell,^ and others have pointed out In those cases m wdiich addi- 
tional lepaii of the ligaments is necessaiy, the osteotom} constitutes an 
essential pielimmary step 

The second gioup is chaiacteiized piimaiily by a dispioportion in the 
lelative lengths of the tw'O foieaim bones Noimally, the ulnar notch on 
the ladius is appioximately at the same level as the ulnai head, wdiile the 
ladial styloid piojects at least one-half inch beyond the ulnar styloid As a 
consequence of the gi cater length of the radius, the low'ei end of the ulna is 
at some distance fiom the caipus, so that any mteifeience wnth pionation 
and supination is avoided Howevei, when this airangement is disturbed 
and the ulna piojects beyond the level of the radius, the ulnai head impinges 
against the carpus, wnth lesultant limitation of lotation and subsequent 
lelaxation of the ligamentous fixation of the wiist This may occur m othei 
conditions (see Case i), but it is typically an end-iesult of impropeily le- 
duced Colics fiactuies and seems to be the cause of the disability to which 
so much attention has lecentl} been dnected 

With the object of detei mining this point a numbei of cases of Colics 
fiactuie weie examined In those in which s}mptoms of weakness jier- 
sisted It was lound that a relatne shoitenmg of the radius was an almost 
mvaiiable finding Caiclul examination of the radiographs in such cases 
denionstiated that the ulnai head jn ejected well down o\ei the shadow cast 
b\ the caipal bones The impression was gained that in rotation of the 
wiist, the caipal bones impinged against the piojceting ulnai head and 
toicibh caused its dislocation It seemed reasonable to bcliece that the caiiNC 
of the so-callcd luxation la\ piimanh in the bone block and that elimination 
ol the os'seous di'^paritc would lead to disajipcarance of the sMiijitonis 
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The opportunity for testing the validity of th,. 
by several patients, who niesented \ ^ conception was offered 
fracture “ulnar dislocations ” T1 i treatment of post- 

t.on of perfonot a Llaal '"t®- 

^uggested the des.rab.hty of preh,,.,„a7sh™enl'rtt‘T''l'’'' 
resection' The foPn,, ,no- i ^^^Jiiening ot the ulna by a cuff 

-..ct,o.. ope:’L! "ar:.™ ““ ™... 



A B 


1 IG 3 — Cnse 3 (A) rile hind is displaced radialward The ulnar head project® 

lielou the leiel of the radial notch and clearlj impinges on the carpal cuneiform 
(B) Union has occurred after subperiosteal cuff resection through epiph>seal line tilth 
shortening of the ulna The head articulates tilth the radial notch and no longer 
impinges against the carpus 

Case 3 — T H , age i6, appeared in the Out-Patient Department, in April, 1939 
complaining of weakness m grasp and difficult' in rotating his left forearm In January, 
1926, while sleigh riding, the patient had suffered a fracture of the left nnst, but no 
attempt at reduction had been made The patient noted no trouble with his wrist until 
several months ago, when he began to observe a decreasing power of grasp and 
prominence of the lower end of the ulna 

Examination disclosed a radial deviation of the hand The lower end of the ulna 
was prominent and at a level below the normal in relation to the radial stjloid Exten- 
sion at the wrist was normal Flexion was limited at 55° Supination was about 
three-fourths normal On pronation of the hand, the prominence of the lower end of 
the ulna became markedly exaggerated Both ulnae measured 9/4 tisht 

ladius measured 954 if 1 

Roentgenograms, taken May 8, I939> (Fig 3 A) showed an old oblique fracture 0 
the anterior aspect of the distal end of the left radius, just proximal to the epiphjsei 

288 


Volume lie 
Number 2 


DER^VNGEA[ENTS '-VBOUT IHE WRIST 


plate Theie it, a slight sepaiation of the distal end of the left radius, just proximal 
to the epiphyseal plate There is a slight separation of the distal epiphysis of the ulna 
and a separation of the distal radio-uhiar joint There is a definite disproportion in 
growth betw'cen the ulna and the ladius wuth the ulna piojecting below the radius 
The epiphyseal lines are not closed ” 

Opciation — Ma\ 22 1939 Undei geneial anesthesia, a two-inch incision w'as made 
o\er the lower end of the left ulna The bone above the epiphyseal line w^as exposed 
subperiosteally A block of bone, including the epiphyseal plate, measuring about three- 



A B 


Tig 4 — (A) Case 4, pie\iousl> reportea ' As a result of fracture, the articular 
plane of the radius is ahiiormallj inclined medialh and the ulnar head projects below its 
normal lea el (B) After subperiosteal cuff resection aboae the epiphjseal line the 
ulna has been shortened so that its head articulates with the radial notch Despite the 
abnormal medial angulation of the articular suiface, normal function of the wrist was 
restored 

quarters of an inch, was resected Holes w'ere drilled 111 distal and proximal fragments, 
W'hich W'ere then draw'n together, w'lth chromic sutures The periosteum w'as reunited, 
and then the skin w'ound w'as closed A plaster of pans bandage w'as applied from the 
fingers to the niidarm, w'lth the elbow' fixed at right angles and the forearm in mid- 
pronation 

On June 22, 1939, the plaster encasement was removed Roentgenograms taken 
at this time (Fig 3 B) show'ed union of the fragments The longitudinal alignment 
was good, but there w'as a moderate rotation of the ulnar fragment The patient w'as 
given phvsiotherapj In October, 1939, it was noted that the correction was excellent 
There was no CMdence of “so-called” dislocation of the distal end of the ulna and no 
W'eakness, despite tlie rotation of the distal ulnar fragment 

Case 4 — This case has been previouslj' reported" (Fig 4) 

In Case 3, the cuff-iesection was puiposely planned so as to include 
the epiphyseal plate Except wheie it is intended to prevent further growth 
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of tlie U]na It 16 bettei to perform the operation about one inch or one and 
one-half inches above the head of the ulna This facilitates the fixation of 
the lowei fiagments and piecludes the possibility of interference with radio- 
uliiai motion by excess callus formation, at the joint level The plane of 
the lesection may be light angles to the shaft (Fig 4 A and B) or may be 
made oblique 

Expeiience in the treatment of CoIIes fracture has shown that the dis- 
pioportion m the lengths of the foieaim bones which is due to impaction 
and lelatne shoitenmg of the ladius is of the most serious consequence 
Ihe limitation of motion wdiich is occasioned by improper alignment of the 
iiifeiioi ladial suiface is of compai atively slight importance While every 
eltort should be made to collect all deformities during the initial setting of 
the fiactuie, far too much attention is devoted to leposition of the articular 
suiface and fai too little to lestoiation of the relative length of the radius 
^Vheie this is overlooked “dislocation’ of the ulna, pain, w'eakness, and 
limitation of lotation lesult fiom the impinging of the ulnar head against 
the caipal cuiieifoim 

In young childien the dispropoi tion in length between ladius and ulna 
may be pi evented or paitl} oveicome by fusion of the low^er ulnar epiphysis 
so as to ariest its giowdh Howei^er, in adolescents near the age of normal 
epiphyseal closure, and in adults in whom the epiphyseal line has alread} 
been obhteiated, the growth airest opeiation is, of course, not applicable 
In such instances simple shortening ot the ulna to restore the anatomic pro- 
poition between the bones is sufficient to obviate the symptoms and usual!} 
piecludes the necessity of any further operative reconstruction of radio-ulnar 
ligaments 

The third gioup is that in wdnch the ulnar prominence is due either to 
arthritis at the ladio-ulnar joint, oi to disease of the ulnar head In this 
event, of couise, the hope of retaining the function of the radio-ulnar joint 
IS illusory and lesection offers the most expeditious foim of therapy Under 
ceitain cncuinstances. how'ever, it may be desirable to presence the ulnar 
head and its attached ligaments In such cases, fusion at the radio-ulnar 
joint, wnth the subsequent foiination of a pseudo-arthrosis by cuff-resection 
of the ulna, just above the head, is suggested This principle of treatment 

w’as employed wuth success in the following case 

Case 5 — M W, female, colored, age 28, entered the Out-Patient Department, 
December 31, 1934, complaining of a painful swelling of the right wnst of four days 
duration Gonococcal infection ivas denied There was a history of influenza two 
weeks before the onset of symptoms, and it seemed reasonable to belieie this was the 
origin of the infectious arthritis of her wrist Neverthless, m the course of routine 
investigation, the patient was found to be suffering from a bactenologically established 
endocervicitis A moulded plaster of pans cock-up splint uas applied to the hand and 
forearm, with much relief to the patient 

In Ma}’-, 193s, it ivas noted that ankylosis of the right wTist had occurred, ivith tlic 
hand m 15° of flexion Rotation of the forearm was markedly limited Supination was 
possible to onlv 15° beyond the neutral position The low'er end of the ulna projected 
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posteriorly and appealed to be subliivated Roentgenogi anis showed absorption of the 
aiticular cartilage covering the caipal bones, the wiist, and the radio-vilnar joints (Fig 
5 A) To conect the palmai flexion and the pronation deformity, open operation was 
decided upon 

Ol>ciafion — Decembci ig, 1935 Thiough a doisal incision, the wrist joints and the 
lower end of the ulna were exposed The ulnai head was dislocated posteriorly and 
the radio-ulnai joint was hlled with connective tissue The radiocarpal joint was the 
site of a destiuctive aithritis The radio-ulnai joint was cleaned out and the dis- 
location of the ulnai head was overcome The lowei poition of the ulna was sub- 
peiiosteallv exposed and one and one-half inches of the bone above the head was 



A B 


Fig 5 — Case s (A) A’-thritis of the wiist with dorsal prominence of the ulnai 
head The carpus is elevated and impinges against the ulna The relative length and 
axial parallelism of the bones is letained, with barelj aii} ladio ulnai diastasis (B) 
Postoperative The radiocarpal and radio ulnai joints have been fused To restore the 
poivei of rotation a cuff resection of the ulna has been performed 

resected The ends of the bone weie covered with a muscle flap The wrist joint was 
then opened and thoroughly curetted The wrist was bi ought into dorsal extension and 
the position was maintained by sutures taken through the adjacent bone surfaces The 
wound was closed without drainage, and a plaster of pans bandage was applied, with 
the forearm in supination and the wrist in 25° dorsal extension The postoperative 
reaction was uneventful and the patient was discharged one week after operation 

The usual ambulatory treatment was earned on in the Out-Patient Department 
As early as May, 1936, it was noted that the patient had solid fusion of the wrist, with 
return of excellent pronation and supination The prominence of the ulnar head had 
completely disappeared Roentgenograms, in December, 1936, revealed the fusion and 
the area of ulna resected (Fig 5 B) Examination, in April, 1939, disclosed the per- 
sistence of painless rotation The only complaints were directed to pain and stiffness 
m the fingers, which were involved in the arthritic process 
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CONCLUSIONS 

So-called dislocation of the lower end of the ulna is a misnomer Prom- 
inence of the ulnai head is a characteristic of a number of different conditions 

which are more accurately to be designated as derangements of the wrist 
joint 

The head of the ulna may be considered as a fixed point about which the 
motions of the wiist joint occur To it are attached the ligamentous stiuc- 
tuies ^^hlch stabilize the wiist and which are necessary to its normal 
function 

Prominence of the ulnar head may be caused by 

1 Injuiy to the triangular fibrocartilage 

2 Injuiy to the ulnar collateral ligament 

3 Ruptuie of the radio-ulnar ligaments 

4 Axial deviation of eithei of the foreaim bones 

5 Disproportion in length of the foiearm bones 

6 Enlaigement oi disease of the ulnar head 

Except for specific indications, the ulnar head should be spaied and 
surgical attention should be dnected toward repair or reconstruction of tlie 
ligamentous apparatus 

Repan of the soft tissues of the wrist can only be undertaken success- 
fully if the bony lelationships are normal, or have been previously restored 
to normal by appropiiate types of osteotomy For axial malalignment, simple 
linear osteotomy of the involved bone is sufficient Foi disproportion in 
length, shortening of the ulna has proven extremely satisfactorj'- 
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THE TREATMENT OF FRACTURES OF THE OLECRANON 
BY LONGITUDINAL SCREW OR NAIL FIXATION 

W Russell ISIacAusland, M D 

Bosrox Mass 

FROM THE M\cAuSI\hD OUTHOPrDIC CLINIC, BOSTON, MASS 

The indication foi opeiative i eduction and internal fixation in fiac- 
tures of the olecianon with sepaiation of a sizable fiagment is generally 
lecogmzed It is agieed, too that open suigeiy with fixation of the fiag- 
ments is lequiied in comminuted fiactuies of the olecianon with dis- 
placement, and m fiactuies complicated by anteiioi displacement of both 
bones of the foieaim Until within the past few yeais the wiiter has been 
accustomed to use sutures of absoibable material as a means of fixation A 
method that is piovmg to have ceitain advantages over such sutuies is the 
fixation of the fiagments by a longitudinal scie\v oi nail Not only is it 
possible to obtain i eduction with gieatei accuiac} and to ensure bettei re- 
tention of the fiagments by this foim of anchoiage, but the peiiod of 
disability is mateiially shoitened To the wmrkmg man this deciease in the 
time element in lecoveiy is of paiticular value 

Effective tieatment of fiactuies of the olecianon depends upon two 
factors (i) Accurate anatomic leposition of the fiagments, and (2) suf- 
ficient fixation to peimit immobilizing the elbow' at a light angle If the 
fragments are not leplaced accuiately, so that bony union takes place with 
perfect apposition the pow'er of complete extension ma} be lost Moreover, 
as the fracture penetrates into the joint, any loughness 01 iriegulaiity of 
the aiticular suiface is not well toleiated, and arthiitic changes will eventually 
develop Following the reduction and fixation of the fiagments, the elbow' 
must be immobilized at a light angle, the position that is favorable both 
to healing and to the lecovery of motion The piactice of splinting frac- 
tures of the olecranon in the position of extension, which still exists, is poor 
fracture therapy In such cases, the convalescence is prolonged and the power 
of flexion is regained slowly It may happen that, under this management, 
the fragments will separate upon the attempt to flex the elbow, or that com- 
plete flexion will nevei be recovei ed because of contracted tissues 

In the fulfillment of the requnements of efficient tieatment of fiactures 
of the olecranon, the use of a screw' or nail foi fixation is an advance ovei 
absorbable sutures In a transveise 01 oblique fracture it is possible to 
obtain a hair-hne apposition of the fiagments and to fix them more tightly 
than when sutures aie used Particularly is this true when a screw is in- 
troduced, for, as it IS threaded into position it tightly engages the fragments 
and closes the fracture-gap In comminuted fractures, the mam olecranon 
fragment can first be aligned w'lth the ulnai shaft, and then the smaller 
ragments fall into position easily In fiactures of the olecianon associated 
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With antenoi displacement ot the foreaim bones, in which accurate reduc- 
tion and retention of the fragments are essential to the control of the re- 
duced dislocation, the longitudinal fixation ensures perfect leposition 

Once this fixation mateiial is in place, theie need be no hesitation on the 
part of the surgeon in flexing the foieaun to a light angle In contrast, 
when absoibable sutuies aie used, theic is the dangei that they will not 



Fig I —Patient H S (A) A transverse fracture of the olecranon with separa 
tion of the fragments (B) Postoperative roentgenogram showing fixation of the trng 

ment with a longitudinal screw , , , j 

Fig 2 — Patient L D (A) \ comminuted fracture of the olecranon with 
placement (B) Roentgenogram taken fi\e months after reduction, with longitudinal 
nail in place 


withstand the tension and that the fragments wall sepaiate as the forearm 
is flexed to the right-angle position for immobilization 

The great advantage of internal fixation by this means is the shortening 
of the convalescence So accurate is the replacement of the fragments and so 
secure is their retention m position that motion may be started m from four 
to five days after the reduction This is in contrast wuth the three or four 
weeks of immobilization that is necessarj following fixation b}" other methods 
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The prompt healing affords relief from pain and soi eness, so that the patient 
has the confidence to start motion early Within a feii weeks a good arc 
of motion is possible, whereas, m the case of sutined fiagments the con- 
valescent period extends ovei several months 

Opeiative Techmc — The operation is best earned out in fiom three to 
five days after the injuiy, when the swelling will have subsided A general 
anesthetic is administered and a tourniquet carefully applied 

A longitudinal incision is made, beginning one inch above the tip of the 
olecranon and extending downward to a point fiom one to one and one- 
half inches below the fi actui e-cavity The incision is earned down to the 
periosteum, and the skin and subcutaneous tissues aie leti acted lateiall} 
to expose the fi actui e-cavity The blood clots, tabs of tom peiiosteum, and 
minute detached spicules of bone are removed Any fiagment that letains 
sufficient attachment to ensute a blood supply is not distuibed The ends 



\ ^ 

A B 

Fjg 3 — Patient R J (A) A fracture of the oleennou with anterior displacement 
of both forearm bones (B) Postoperative roentgenogram showing fixation of the frag 
ments with a longitudinal screw 

of the fragments are cleaned with pledgets of gauze The foieaim is 
extended, and the replacement of the fiagments studied 

The forearm is then flexed about 15 degrees, and a shoit longitudinal 
incision is made in the triceps tendon above the tip of the oleci anon A small 
drill is inserted in the proximal fragment, at the tip of the oleci anon, and 
forced through the fiagment into the center of the fracture-cavity The frag- 
ments are approximated and held in position by means of a tenaculum 
A screw of sufficient length to fix the fiagment to the ulnai shaft is 
passed through the drill-hole and threaded into the ulna If possible, it is 
well to so direct the screw that it engages the distal cortex of the ulna, thus 
providing for perfect fixation (Fig i B) If a nail is used, it must be suf- 
ficiently long so that its tip engages the cortical bone beyond the bow of 
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the ulna (Fig 2 B) The lateral expansions of the tiieeps tendon are 
sutured with intenupted chromic catgut 

In comminuted fractures, when the mam tiagments have been aligned, 
the smallei ones are easily fitted into place In the case of fiactures of the 
olecranon associated with displacement of both bones of the foreaim, the 
dislocation is first 1 educed and then mteinal fixation of the ulnar fragments 
IS established 

Following the closuie of the wound, the elbow is immobilized at a iigh. 
angle A postenoi plaster shell may be applied and worn foi a few days, 
but it IS sufficient to use a tight bandage and cair}' the arm m a sling 
Exercises of the fingeis and the shouldei are staited on the second day 
the patient squeezing a lubbei ball and abducting the arm hourly Through 
such exeicises the tonicity of the muscles of the arm and forearm are pre- 
served Gentle motion of the elbow, m flexion and extension, can usually be 
started on the fourth 01 fifth day aftei 1 eduction At this time hot fo- 
mentations may be of help 

The insertion of the sciew 01 nail is a simple piocedure and is easier, 
in fact, than the fixation of the fragments ivith sutures The screw or nail 
may be removed m about six months, but this is optional 

CONCLUSIONS 

Fixation of the fragments m olecianon fiactuies by a longitudinal sciew 
or nail is a simple pioceduie that has ceitam advantages over the suture 
methods in general use By this method it is possible to obtain reduction 
with greater accuiacy and to ensure bettei letention of the fragments 
Good functional lecovei} is established within the shortest possible time when 
this longitudinal fixation is used, a factoi of importance to the active adult 
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THE REGENERATION OF JOINT TRANSPLANTS AND 
INTRACAPSULAR FRAGMENTS'^ 

Hans May, M D 

Phil^vdelphia, Pv 

In discussing joint tiansplantation, it is iinpoitant to distinguish between 
tiansplantation of entiie joints and tiansplantation of one-half of a joint, fui- 
thermoie, between autogenous and homologous tiansplantation While tians- 
plantation of entile joints uas soon gn^en up as impiactical, tiansplantation 
of one epiphysis oi one-half of a joint, paiticulaily if done autogenously, be- 
came a well-established pioceduie 

Tuffiei^^ (1901) was, bupposedl}^, the fiist suigeon who peifoimed a joint 
tiansplantation In a fiactuie thiough the suigical neck of the huineius, he 
removed, tempoiaiily, the head of the humeius and leimplanted it on the 
humeial shaft m a moie favoiable position Tietze,®° howevei, as far as can 
be ascei tamed, was the fiist who peifoimed a genuine joint tiansplantation, 
he leplaced the lesected lowei pait of the ladius with a phalanx of a gieat 
toe The fiist expeiimental studies upon this subject weie peifoimed by 
Judet,^*^ 111 1906 He studied the condition of the tiansplanted caitilage in 
labbits and found the caitilage pieseived in those cases m which he peifoimed 
a reimplantation, /e, an autogenous tiansplantation of joint sui faces In a 
second senes of expenments he perfoimed homologous ti ansplantatioiis of 
entile 01 half-joints, with 01 without capsule The joints weie tiansplanted 
beneath the skin of the othei animal In cases wheie the naked joint uas 
transplanted, eiosion of the giaft by fibious tissue occuiied while the giafts 
transplanted with the capsule lemained preseived Impallomeni,'*'^ Ducuing,^® 
and ^^oronofP- had similai lesults Dalla Vedova,” howevei, observed a 
complete iieciosis in those paits which were tiansplanted with the joint 
capsule, but laige paits of those giafts tiansplanted without capsule lemained 
alive 

It must be assumed that the most favoiable conditions in joint tiansplanta- 
tion will be those in which only one-half of the joint is leplaced and the 
capsule of the host joint remains pieseived GilP“ and Haas^^ proved this 
in autogenous joint transplantations, and Rehn and Wakabayashi-'^ in homolo- 
gous transplantations Gill autotiansplanted the second long metatarsal bone 
m dogs from one paw into the opposite paw Aftei seven to eight months he 
found the articulai sui faces noimal and the joints had perfect function, the 
bone showed no evidence of neciosis Haas, in a laige senes of expenments, 
studied the effect of tiansplantation of the epiphysis on bone and caitilage 
regeneration and the bone growth after leimplantation and autotransplanta- 
tion of metacaipal and metatarsal bones in dogs He concluded that the 
articulai cartilage offeis the greatest possibilities for successful tiansplantation 
of the various pai ts of a bone The bone itself degenei ates but latei becomes 
legenerated fiom penosteum and endosteum, as Phemister,-- and othei s, have 


” Read before the Philadelphia Orthopedic Club, January g, 1941, at Philadelphia, Pa 
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described it The longitudinal growth stopped in every case because the 
epiphyseal line ceased to function V Tappeiner^^ came to a similar con- 
clusion Rehn and Wakabayashi — even in homologous transplantations — 
found the epiphyseal cartilage fully maintained in function and histologic struc- 
ture after the transplantation 

After having studied the results of animal experimentation, it is interest- 
ing to compare them with joint transplantation in human beings Lexer^® 
(1907) was the first who performed transplantations of entire joints together 
with menisci and crucial ligaments — howevei without capsule This startling 
operation, mostly performed for replacement of ankylosed joints, was soon 
given up by its originator and replaced by simpler operations, namely, the 
joint plastic with interposition of fat tissue or fascia Neveitheless, of the 
23 cases in which Lexer performed such homologous ti ansplantation, 12 cases 
resulted in the transplant healing and mobility 1 emained foi a number of years 
Later, however, mobility decreased and became painful due to extensive ar- 
thritic changes Two of those patients in whom entire knee joints had been 
transplanted — the tiansplant for one was taken fiom an executed criminal — 
could be followed for 14 and 16 years, respectively Burkle-de la Camp® 
later examined the specimens The joint cleft was still preserved, but the 
cartilage was leplaced by fibrous tissue, and there was extensive subarticular 
bieak-down of the subchondral cancellous bone These consequences are 
apparently less serious in homologous half-joint transplantations where only 
one-half of the joint is replaced and the host capsule remains preserved (Lexer, 
Enderlen^^) They are, as shown by a number of authors, entirely absent 
in autogenous half-joint transplantations provided proper operative and post- 
opeiative piecautions have been taken Rovsing®® (1910) successfully re- 
placed the upper two-thirds of the humeius with the upper part of the fibula 
111 the same patient Klapp^’' (1912), aftei a similar operation, followed his 
patient for seven and one-half years , there was hardly any limitation of 
function Albee^ reports several cases in which he resected the upper hum- 
erus for primary malignant tumors and grafted the upper part of the fibula 
into the defect One patient was followed for nearly 17 years, there was 
good function and no evidence of recurrence A number of similar cases 
have been published since, leplaceinent of the upper half of the femur and the 
lower half of the radius by the upper half of the fibula, replacement of 
phalanges and metacarpal bones by bones of the foot (Behrend,® Phemister,— 
Portugolow, 2 ® Skillern,®^ etc ) But only raiely have specimens of these 
autogenous giafts been obtained for investigation of the regenerative proc- 
esses Conclusions gained from animal experiments are of doubtful value in 
those cases in which graft and host bone cannot be immobilized More reli- 
able results come from those experiments in which entire bones are trans- 
planted (Gill, Haas) 

I®® reported recently about an expermient where I took out entire radii 
m dogs and returned them into their original places Thus a transplantation 
of bones was combined with a ti ansplantation of epiphyses After injection 
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of the bone vessels with contiast mateiial and visualization of the vessels 
loentgenogiaphically, the specimens weie examined micioscopically This 
examination showed that the bony paits and the medullaiy tissue died aftei 
tiansplantation Later on, howevei, fiom two and one-half to four months 
postopeiativel}, the dead giaft was tiansfoimed giadually into living bone 
tissue by osteoblasts which accompanied the penosteal vessels on then way 
thiough the haversian canals of the giaft Of the transplanted caitilages, the 
outei layei lemamed alive Consideiable paits of the deeper layeis, howevei, 
were found dead piiniaiily, but latei stages showed these layeis perfectly 
1 egenerated 

I should like to piesent a clinicobiologic study of the legeneration of 
joint transplants and of ceitam inti aiapsular fiagments, and shall attempt to 
paiallel the two 

REGENERATION OF JOINT TRANSPLANTS CASE REPORTS 

Case I — L, age 43 (referred by Di Charles F Mitchell), was admitted to the 
Geimantown Hospital in January, 1940, with a fracture-dislocation of the head of the 
right humerus (Fig i) Aftei several unsuccessful attempts of closed 1 eduction, an 
extension dressing was applied to the right arm, an open 1 eduction had been planned 
but was postponed because of an extensive thrombophlebitis of the veins of the volar 
surface of the right arm The operation was carried out March, 1940 The shouldei 
joint was opened bv an incision that lan along the median border of the deltoid 
muscle and separated the clavicular insertion of this muscle (Henry, Thompson) 
The entire median half of the deltoid muscle was reflected laterally and backward, 
establishing an excellent exposure of the shoulder joint region The next step was ex- 
posure of the head fragment The head of the humerus could be felt beneath the pec- 
toralis minoi muscle With considerable difficulty it was dissected free and temporarily 
removed It was kept in normal salt solution for the time being Now followed the 
subperiosteal exposure of the shaft of the humerus After its stump was freed from 
cicatricial tissue, the head of the humerus was p’aced upon the shaft A canal was 
drilled through shaft and head, the long biceps tendon was divided, thieaded through 
It and sutured, according to Nicola Thus the head of the humerus was not only fastened 
to the shaft of the humerus, but, also, the entire humerus kept in the glenoid This 
fixation, however, was not sufficient Therefore, I drilled two Kirschner wires through 
head and shaft in different directions, thus achieving an internal fixation of this frac- 
ture The wound was closed in layers, the arm immobilized m right-angle abduction by 
a plaster encasement which included chest and the entire arm The wound healed pri- 
marily, and the patient was discharged four weeks after the operation 

Five months after the operation the encasement was removed Roentgenograms 
showed definite signs of union Physiotherapy and motion exeicise was started About 
four weeks later the patient was leadmitted He stated that he had experienced a “faint- 
ing spell” (of alcoholic natuie), and had fallen and broken the right arm again This 
time the fracture was between the proximal and middle third of the shaft, while the 
former fracture remained firm Judging from the size of the accompanying hematoma the 
fall must have been violent The fragments were considerably displaced in angulation 
This fracture was treated m extension with a Kirschner wire through the olecranon 
It healed m good position (Fig i b and c) 

While the patient was in the hospital he developed a small superficial ulcer in his 
former scar A prominence could be felt beneath this ulcer which was thought to be 
due to one of the wires working its way out of the replanted humeral head For this 
reason operative removal was advised I performed this operation in October, 1940 
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(seven months alter the first operation) The shoulder joint was exposed through the 
lower part of the former incision No evidence of a true capsule could be detected The 
head of the humerus was firmly united with the humerus The head of the long biceps 
tendon was found incorpoiated m the bone There was no evidence of slipping of either 
wire Although their upper canals were visible it would have been difficult to remo^e 
them, and for this reason they were left in place The prominence was due to callus 
formation, it was levered off Two small pieces of the replanted head of the humerus 
were taken for microscopic examination One consisted of cartilage together with a thin 


(i) 


(b) 



0-1 

Fig I a — Fracture dislocation of head of right humerus 
b Siv months after temporary removal and reimplantation of head of humerus Frac 
ture of shaft of humerus after recent trauma 
c One >ear and two mojiths after the fracture dislocation 


lajer of underlying bone, the other one was taken from the same place but from deeper 
inside Profuse oozing was encountered from both cut surfaces proving that the circula- 
tion of the head of the humerus had become reestablished The patient was soon dis- 
charged to receive ambulatorj’^ physiotherapy He has regained 50 P^r cent of the 
motility of his right shoulder in all directions, and is free from pain He is emplojed as 
a truck driver and has recentlj lifted a trunk, weighing 155 pounds, from the truck to the 
scale and back again * The patient was reexamined recentl> (two years after the opera- 
tion) Roentgenological Ij' the head of the humerus shows some mushroom deformity 
Chnicallv and svmptomaticalh there was no change 

300 


^ oliline lie 
Nmiiber J 


JOINl IRANSPLANTS 


*The histologic examination of the two specimens taken fioin the leplanted head, 
seven months aftei the operation, i evealed the following picture A number of the lacunae 
of the bone were found empt}^ but in many other places the lacunae were filled with a well 
stained nucleus The haversian canals contained blood vessels which were accompanied 
by osteoblasts Rows of osteoblasts were also found along the trabeculae On these 
trabeculae the dif¥erence between the living, /c, the newly formed bone, and the dead 
bone was clearly visible and theie was no evidence of osteoclastic bone destruction and 
absorption The medullary spaces weie filled paitly with a vasculai fibrous tissue, partly 
with 1101 mal medullaiy tissue, beneath the caitilage even myeloid tissue could be seen 
The cartilage itself was found alive in its outer layer while the middle and deep layei 
showed empty lacunae m various legions 

Comment — An operation was peifoimed foi a fiactuie dislocation of 
the head of the huineius, dining this opeiation the head of the hiiineiiis was 
tempoiaiily leinoved and then leplaiited on the humeuis shaft Thus the 
head of the humeuis could be compaied with a half-joint tiansplant It must 
be assumed that due to the complete intei i uption of cii dilation, the gi aft had 
died But aftei its leimplantation vessels must have giown into the dead 
giaft The vessels weie appaiently cleiived from the shaft of the humeius 
and accompanied by intiamedullaiy osteoblasts These osteoblasts tians- 
formed the dead giaft into living tissue by the so-called creeping substitution 
of the dead bone by new bone, as biopsy specimens, lemoved fiom the head 
of the humeius seven months aftei its leimpIantation, i evealed The micro- 
scopic pictuie of these specimens weie very similar to those which I-'’ de- 
scribed 111 my foimei expeiimental woik The joint caitilage lemamed alive 
in Its outei layei while sections of the deepei layei s died Thus, this auto- 
genous joint tiansplant died in most of its paits, but was giadually legenei- 
atmg from ingrowth of vessels and osteoblasts of the living bone , the ingi owth 
of these vessels was facilitated by a piolonged complete immobilization of the 
fragments 

This case is a typical example of an autogenous half-joint tiansplantation 
Half-joint transplantation has become a well-established pioceduie The 
autogenous tiansplantation within the same individual is piefeiied to the 
homologous tiansplantation due to bettei and quickei healing conditions The 
disadvantage of the autogenous transplantation, howevei, is the limitation of 
the mateiial to be tiansplanted, namely, the phalanges of the toes, the meta- 
taisi and the fibula So, foi instance, the humeral pait of the shoulder joint 
and the radial part of the wiist joint can successfully be replaced by the 
upper pait of the fibula Even the uppei half of the feintii has been success- 
fully replaced by the fibula If it comes to bioader joint sui faces, however, 
particularly those which cany a socket, an autogenous transplantation cannot 
be performed In those cases — if a half joint transplantation is considered 
at all, and a suitable donoi available — the homologous tiansplantation is the 
only possibility The following example, a shoit pieliminary lepoit which 
appeared in Biun’s Beitr z klin Chit , i6o, 30, 1934, might be recoided 

Case 2 — Female, age 23, was admitted to the hospital, complaining of throbbing 
pains in the right knee joint of six months’ duration Examination revealed a tumor 
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within the lateral half of the iippei fourth of the right tibia (Fig 2 a) The tumor 
had apparently broken through the cortex There was no evidence of metastases An 
amputation of the right lower extremity above the knee joint was planned in case the 
biopsy revealed a malignant tumor The amputation, howevci, was refused by the patient 
At the same time a male, age 70, was in the hospital who suffered from an arteriosclerotic 
gangrene of his right foot, with partial blocking of the popliteal artery, necessitating an 
amputation above the right knee joint 

A compromise operation was now planned for the first patient Permission for such 
an operation was given Both patients had blood Group 0 The operation was carried 


(i) (b) (c) (d) 



Fig 2(a) — bircoma of lateral condyle of right tibn with in\asion of soft tissues in a 23 ye ir old 
female 

(b) Same patient eight months after resection of uppei third of tibia and transplantation of the 
corresponding part of tibia from a 70 j ear old man Head of fibula and surrounding soft tissues 
had been removed at the same time 

(c) Same patient two years after operation Fiieion between tibia and graft 

(d) Same patient five and one half years after operation, no evidence of recurrence, subarticular 
breakdown of median condyle of graft Roughening of articular surface 

out in June, 1933 (operators, Lexer-May) The biopsy confirmed the diagnosis of 
sarcoma From a Y-shaped incision in front of and below the right knee (Fig 3 a), the 
joint was opened after separation of the tibial tubercle, and lifting of it upward together 
with the skin flap and quadriceps tendon The tumor was now exposed It had pene- 
trated into the soft tissues near the head of the fibula Then followed the separation of 
the crucial ligaments and of the median and lateral ligaments at their insertion at the 
tibia The head of the fibula with surrounding soft tissues, including one branch of the 
peroneal nerve and the upper third of the tibia, were now resected The tibial resection 
was staggering At the same time, in the same operating room, the corresponding part 
of the tibia of the male, age 70, had been resected in a similar way and was now trans- 
planted into the girl’s leg and fastened there with two wire loops The lateral and 
median ligaments were attached to the tibia transplant as well as possible The quadriceps 
tendon together with the tubercle of the tibia were fastened to the transplant with a wire 
suture The wound was closed in layers and the leg placed in a plaster encasement 
reaching from the toes to midthigh Healing was une\entful Eight weeks after the 
operation the plaster encasement was replaced by a brace, m which the patient left the 
hospital Figure 2 b shows the roentgenographic findings eight months after the operation 
March, 193S, 21 months postoperative, the patient was allowed to discard the brace, she 
walked without the slightest hmp or pain until six months later, when the patient com- 
plained of increasing pain and uneasiness in the right knee joint Roentgenograms 
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revealed a slight depression of the median knee joint surface, where most of the pain 
was concentrated (Fig 2 c) Since there was the possibility of a pathologic fracture 
at this site, the patient was operated upon again From the former incision the bone 
was exposed, the soft tissues were found to be in intimate connection with the graft, no 
fracture, no evidence of recurrence was found, just below the insertion of the quadriceps 
tendon a piece of the cortex was removed m order to inspect the inside of the graft 
Necrotic fat tissue and sand-hke sequestia were emptied from the superficial spongy 
laj'ers while deeper inside profuse bleeding was encountered The upper wire was now 
removed and the wound closed in layers Aftei healing of the incision, the patient had 



(a) (b) 

Figs 3a and b — Same patient as in Figure z Two >ears after opeiation 

to use the brace again for walking At the end of 1937 the patient was allowed to discard 
the brace again She could walk without any suppoit A roentgenogram, five and 
one-half years after the operation, revealed no evidence of recurrence, and no further 
breakdown of the bony structure of the graft, but roughening of the joint surface (Fig 
2 d) In spite of these changes and a moderate genu varum deformity, the patient walked 
without any pain or limp In January, 1939, she felt a dull pain in her epigiastrium and 
noticed a gradually increasing swelling of both lower extremities and abdomen Before 
long she became jaundiced The family doctor advised against an operation The 
patient died, February 19, 1939, five and three-quarter y'ears after the operation An 
autopsy was not performed 

Comment — In a 23-year-old patient, the light uppei thud of the tibia 
was replaced by a corresponding part taken from a yo-yeai-old man Both 
patients had the same blood group It must be assumed that the boity parts 
of this graft died after transplantation — as 111 any other bone graft They 
were gradually regenerated, however, by creeping substitution of the dead 
bone by new bone While in autogenous grafts the regenerative pi ocess takes 
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a conipaiatively short tune, in a homologous graft it takes yeais befoie the 
dead bone is substituted by a neiv bone In the above case, the greatei parts 
of the giaft weie still found dead aftei neaily two yeais post-operative No 
wondei that some paits of the dead cancellous bone broke down upon weight- 
bearing It must also be assumed that parts of the aiticulai cartilage had 
become replaced by fibiocartilage oi fibrous tissue, since, accoiding to Phem- 
ister, articular caitilage dies if the legeneiation of the bone beneath is de- 
layed foi longei than one 3^eai Thus homologous half-joint tiansplantations 
should be consideied only in exceptional cases Autogenous half-joint trans- 
plantations aie much moie lehable, as clinical and expeiiinental lesults 
demonstrate 

REGENERATION OP CERTAIN INTRACAPSULAR FRACTURES 

The healing piocess of an mtiacapsulai fiactuie of the neck of the femui 
and ceitam othei mtiacapsulai fiactures have often been a matter of dispute, 
but moie light has been tin own recently upon this subject since the regenera- 
tive piocesses in those types of fractuies have been compaied with those 
found 111 bone tiansplants, moie coiiectly teimed half-joint tiansplants (Ax- 
hausen,- Phemistei--) It is geneially agieed that in an oidinar)’’ fracture 
the periosteum and endosteum ai e important healing factoi s from which most 
of the callus is deiived Fuitheimoie, in an ordinary fractuie both fragments 
remain alive since the well vasculaiized penosteum fiom without and the 
intra-osseous vessels fiom within guaiantee enough piotection In a tiue 
mtiacapsulai (subcapital) fiactuie of the neck of the femui the fragments 
have no penosteum, at least not the head Secondlj'-, it is generally agieed 
that aftei an intracapsular fiactuie the head of the femui dies, at least in 
most pait The head of the femui receives its mam blood supply fiom intra- 
medullaiy vessels lunning thiough the neck and from caj^sulai aiteries The 
blood supply through the ligamentum teres, although active m youngei indi- 
viduals ( Wolcott, Chandler and Kieuschei®), is often inadequate in adults 
to maintain alone the viability of the head (Kolodny^®) If a neck of the 
femur breaks inti acapsulai ly the head of the femui is cut off from its mam 
blood supply Theiefoie, the head dies — at least most of it peiishes Such 
a fragment lesembles a bone giaft oi rather, a transplanted epiphysis Figure 
4 d shows clearly the coloi diffeience between the well vascularized neck and 
the dead head This femur is an autojJsy specimen of an 8 i-yeai-old man 
upon whom I operated two daj'^s following the occiii i ence oi the fracture, and 
who died i 6 daj'^s postopeiative fiom a cerebral thiombosis The histologic 
examination of the head showed many of its osteocytes shrunken and many 
empty lacunae Most of the aiticulai caitilage, howevei, suivived, protected 
as it was by the synovial fluid within the closed capsule If the dead parts 
of such a head fragment become regenerated, the only way possible is by 
ingiowth of vessels and osteoblasts from the living parts of the neck across 
the fractuie line into the head (Santos^^) or from the surviving osteoblasts 
This piocess is assured only by complete and prolonged immobilization of 
both fragments, so that these delicate vessels can cross the fracture line un- 

304 



\ olume lie 
Number 2 


JOINT TRANSPLANTS 


The specimens are autopsj specimens of patients opciatecl on b\ the aiithoi The pictures moil 
taken with panchromatic and coloied film (Kodachiome trjK A) 



Fig 4(a) — Vascularization of the neck of the femur comes from three souices, intramedull 
vessels, capsular vessels (branches of the ait ciicumfl femoris ant and post ) and from \essels 
through the lig teres The lattei source is negligible in older individuals In a fracture through 
line (a) both fiagments remain vascularized In a fiactuie tlnough line (b) the upper half of the 
head fragment lies intracapsulailj , the lower half extiacapsularU , head fiagment remains partialK 
vascularized In a fracture through line (c) the entire head fiagment lies inti acapsularlv, becomes 
separated from its mam circulation and is apt to die 

(b) Fiactuie through base of neck of femur (appioximatelv thiough line (a) of Fig 4a) Both 

fragments remained vascularized (the dark areas ue red on the coloied film) This fracUiie had 
healed in seven weeks Note the fibrous membiane which suriouiided the nail and the maiked 
hyperemia along it (foreign bodj leaction) ' 

(c) Fracture through neck of femur, appioximately through line (b) of Figure 4a The upper half 
of the head fragment lies iiitracapsularlv (the upper half of the capsule is seveied) the lower half 
extracapsularlj , hence the head fragment remains attached to the mini circulation through the lower 
half of the capsule (note the strong vessel running paiallel and close to left border of the capsule) 

(d) Tiue intiacapsiilar (subcapital) fiacture of neck of femur i6 davs after opeiation i8 dajs 

tfter fracture, appioximately through line (c) of Figuie 4a The head fragment is separated from its 
mam circulation while the neck is well vascularized (the dark areas are red m the colored film) 

ihe head is pale and vvas found dead when examined nucrosropicallv Note m irked hvperemia m 

the living part of the neck of the femur along the nail lavcrs of dense fibrous tissue were found 

along the nail canal in the same section of bone (foreign bodv reaction), but no such reaction vvas 

found m the dead head fragment Hence a nail membrane developed onlv m the living part of 
the bone 
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clistmbed Theiefoie impacted fiactuies always heal But even under ideal 
conditions paits of the head may not become regenerated, particularly pe- 
ripheral subarticulai legions They may break down on weight-bearing and 
lead to a deformity comparable with the “Mushioom” deformity of the Osteo- 
chondiitis Juvenilis Defoimans Coxae, a histological picture of which has 
been described by Peithes Axhatisen, Phemistei and otheis (H May-'’) 
Hence complete piolonged immohiliiiation by external oi internal means is 
the most important factoi m ti eating the true intracapsulai fracture of the 
neck of the femui If, due to incomplete immobilization, the vessels are 
pi evented fiom ciossing the fractuie line, a nonunion may be the result 
The following case may serve as an example 



(-1) (b) 

Tic 51 — Ununited fnctiire (pseuclarthiosis) of the neck of the femur of five jears duration 
Note narrow ciiived fihious disk running: from “-f.” upward Section of fihuia had been transplanted 
to weeks previouslv IMarked hjpereniia in ind around the graft (the dark areas are red on the 
colored film) 

(b) Microphotograni of a section of the fibula — graft and head of the femur (approximatelj of 
a region which is maiked in Tigure 5a) The graft and the host bone are in intimate connection 
The graft (lower half of the field) as any other bone graft has died after the transplantation (note 
the disappearance of most of the bone nuclei), but there is evidence of transformation of the dead 
graft into living bone tissue vascularization of the baversian canals osteoblastic action particularlj 
in the peripheral paits of the graft The host bone is alive, its cells contain well stained nuclei 
there is marked hvperemia and osteoblastic action Note the row of osteoblasts lining the medullary 
space 111 the center of the field 

Case 3 — A male, age 70, suffered a fracture of the neck of the femur He stated 
that his injured leg was placed between two sandsacks, after fivT weeks he was allowed 
to sit m a chair, and after eight weeks to walk on crutches His fracture did not unite , 
he limped and had pain on walking Five years after the fracture he consulted me Be- 
cause the cleft betw'een the fragments w'as narrow and, according to the roentgenograms, 
the head of the femur at least partially alive, a bone grafting operation w'as advised 
I transplanted the middle section of the fibula without its periosteum into the neck of the 
femur, after Henderson, who uses a guiding wire and cannulated drills to make a proper- 
sized canal for reception of the fibula graft The patient developed a postoperative 
psychosis and died ten w'eeks after the operation 

Comment — A thoioiigh examination of his femur specimen led to the 
following conclusion The original fiactuie was apparently intracapsular, 
with the exception of a small jjait of the head fiagment, which remained 
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attached to the capsule and thus, to the cii dilation (Fig 5 a) It uas rea- 
sonable to assume that this small attachment was not sufficient to maintain 
the entile circulation of the head fragment Ciiculation thiough the hga- 
nientum teres was definitely out of the question in this case since it was found 
detached and shi unken tience the gieatei part of the blood supply to the 
head fragment was seveied leading to paitial neciosis of this fragment Due 
to incomplete immobilization of the tiagments, vessels and osteoblasts could 
not glow fiom the alive pait of the neck in the paitially neciotic head The 
lesult was a fibious union To achieve a boity union the fibula ti ansplantation 
was pel formed The giafted fibula died as any othei bone giaft does aftei 
ti ansplantation Ten weeks aftei the ti ansplantation, howevei, marked hy- 
peiemia and osteoblastic action could be found in and around the giaft both 
in the section within the neck and within the head (Fig 5 b) Fiom ex- 
pel lence 111 opeiations on fiactuies of the neck of the femui and examinations 
of various specimens, I am inclined to believe that the tiue intiacapsulai 
(subcapital) fiactuie of the neck of the femui with neciosis of the entiie 
head, as pictured m Figure 4 d, is the laiei type It is this type of fiacture 
in which legeneiation may be incomplete 01 entiiely absent, causing clefoi un- 
ties of the head fiagment 01 nonunion In most instances of fiactmes of the 
neck of the femur smallei 01 largei sections of the head liagment remain 
attached to paits of the capsule and thus to the ciiculation, saving at least 
some of the head fiom neciosis If such a head fiagment is attached firmly 
upon the alive neck fiagment by complete immobilization, it has a good chance 
to legenerate thioughout and lesult 111 a bony union The main leason why 
the internal fixation (nailing, etc ) of this type of fractuie is moie successful 
than any othei tieatment lies piobably in the fact that it assuies bettei im- 
mobilization of the fragments Even the laige plastei encasement, no mattei 
how well-fitting it may be allows slight movements of the fragments But 
internal fixation alone would not be successful weie it not foi piolonged 
avoidance of weight-beai mg of the affected hmb, to piotect the dead bone 
fiom collapse and to assuie immobilization In exti acapsulai fractuies the 
fiagments aie covered by peiiosteum, second, the intia-osseous ciiculation 
of both fragments lemams undisturbed (Figs 4 b and c) , therefoie, both 
fiagments lemain alive and such a fiacture heals like aii}^ ordinal y fiactuie 
and as quickl}'- as an}'^ ordinal y fiactuie no mattei what kind of fiactuie 
tieatment was employed 

Anothei similai example is the healing piocess of a fiactuie of the caipal 
scaphoid bone with death of the pioximal half followed by bony union Most 
of the suiface of this bone consists of articular caitilage leaving little room 
for active osteogenetic peiiosteum Hence its viability depends entirel}^ upon 
intiamedullaiy ciiculation From clinical expeiimental expeiiences (Watson 
Jones, Obletz and HalbsteiiF^) it is known that m about one-thiid of the 
cases the bulk of these vessels enteis the bone on the distal (lateial) aspect 
of the bone and m the constiicted inidpoition lea\ing the pioximal (median) 
half supplied by the blanches of the mam vessels so that this pait is rather 

307 



HANS MAY 


Vnnals of Surgery 
August 1942 

poorly vasculaiized (Speed-®) If, m such a case, a fractuie occurs within 
the proximal half of the scaphoid or through the waist of the bone where the 
centei vessels enter ruptunng their trunks, the proximal half of the scaphoid 
IS cut off from its ciiculation and dies (Fig 6) It may, howevei, become 
levivified by ingrowth of vessels and osteoblasts from the viable distal half 
(Fig y a— d), piovided absolute immobilization vas carried out through the 
time of legeneiation 



Fig 6 — Cirpil sciphoicl bone 
Representition of its tessels nnd the 
rehtion between fracture lines and 
these \essels (After Bolder and 
Scbnek O) A fracture thiough (a) 
mil keep both fragments alne nhile 
a fiacture through (b) and (c) mil 
cause a neciosis of the median (lowei) 
fi agment 


Ibis type of legeneiation appaiently oc- 
cuis in any intiacapsulai fiactuie in which 
one fiaginent has become separated fiom its 
ciiculation, followed by boii}'- union 

Conclusion — Certain intiacapsulai frac- 
tures do not heal like ordinary fractures 
They heal m a mannei similar to the regen- 
eiation of a transplanted e2iiph3fsis, namely, 
lathei by bone legeneiation and osteoconduc- 
tion than by osteoproduction The articular 
caitilage, however, lemains alive, provided 
theie is no delay in regeneration of the bony 
constituents (Campbell,' Phemister-^) 

SUMMARV 

The piocesses involved in regeneiation of 


joint tiansp'ants were discussed These biologic piocesses iveie paralleled 


with those found in ceitain intiacapsular fragments such as the head of the 
femur aftei a subcapital fiacture and the median third of the scaphoid 
bone aftei certain tiactuies A case of a fracture-dislocation of the humerus 



(1) (b; (c) (d) 


I lo 7 a — Fractuie of right carpal scaphoid bone (approxiniateb through line (c) of Figure 8) 

(b) Same fracture two months later The distal (lateral) fragment is alue, the proximal 
(median) fragment is dead The distal fragment had atrophied together with the other hones the 
proximal fragment has remained dense because its calcium could not he carried an n due to lack ot 
\ css^ls 

(c) Four months latei the pioximal fragment presumablj has become reiivified 

(d) Six months later the fracture has healed 

w'as described iii which the head of the humei us was reimj)lauted aftei 
temporary removal (autogenous half-joint tiansplantation) Another case 
of a 23-year-old patient was described in whom the uppei third of the 
tibia, including the joint surface, was lemoved and replaced by a cor- 
lesponding part of the tibia obtained fioni a /O-i'eai-old man (homologous 
joint tiansplantation) 
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RAYABLE GAUZE' 

DEVELOPMENT OP A RADIOPAQUE, THREADED GAUZE SURGICAL SPONGE 

Captain Edward F Leavison, M C 
Washington, D C 

FROM rilF W \LTFn KltD HOSPITAL,, \\ \SIlINOTOV D C 


“With vivid wolds these just conclusions grace, 

Much truth compressing in a narrow space , 

Then many shall peruse, but few complain 
And envy frown, and critics snarl in vain ” 

— PiMlAU 

It lb undoubtedly tiue that human mteiest is centeied moie on zoliat has 
been done than on hozu it has been done Thus, the following shoit summaiy 
IS drawn fiom long experimental studies, and is offeied to make opeiative 
surgeiy safei foi the patient 

Present methods and devices of sponge contiol have, thus fai, failed to 
provide entiie secuiity against the accidental havoc of the “lost” sponge 
Pieventive meastues and safety aiiangements have been undone by the fiailty 
and ei i oi \\ ithm the human equation 


Table I 


PREVENTIVE MEASURES DEVISED FOR SPONGE CONIROI 

( \fler Crosscn and Crossen^) 


1 SPECIAL ATTENTION 

BY OPERATING TEAM 
AIDS TO ATTENTION 

2 COUNTING SPONGES 

PRE-CLOSURE COUNT 
POST-CIOSURE COUNT 
AIDS TO COUNTING 

3 attaching tracers 

TAPE TO SPONGE 


4 MISC EXPEDIENTS 

STICK SPONGES 

5 CONTINUOUS sponge 
6 RAYABLE GAUZE 

METAL RING 
MIRE THREAD 
CHEMICAL IMPREGNATION 
EIBERGI AS THREAD 


A specially piepaied ladiopaque thiead is piesented which embodies the 
qualities of maiked ladiopacity, lelative chemical, physical and biologic in- 
activityq softness compaiable to silk, and nominal cost of pioduction 

It is suggested that in the manufactuie ot all suigical gauze that is to be 
used in the opeiatmg loom, a single stiand of lead “fibeiglas” thiead might 
be incoiporated into the gauze mesh, oi so placed in piepaied pads sponges 
and gauze diain filler, that “lost” sponges can be more leadih'^ letiieved by 
1 oentgenographic identification 

Although such a radiopaque suigical gau/e vould not guaiantee secuiiti 
against the losing of a sponge, by'^ pointing to its piesence and location it 
would mitigate the otherwise likelv consequences of such an accident 


’'Read before the Baltimore CUa ^fcdical SocicU, Baltimore, Md , Januaiy 3 1941 
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Tic 3 — The eliniimtion of the giiize foreign body Inz 
urd in pcl\ic nnd ibdomiml surgery cun be uccomplislied by 
the use of u ndiopiqtie threuded pud The threud is cleurh 
defined uguiiist the skeleful structures 



CAPTAIN EDWARD F LEWISON “f surgery 

Vugust 1 9 4 J 

Rayable gauze fulfills the standaids set by the American College of Sut- 
geons, IS applicable m eveiy surgical situation, and is a comparatively inex- 
pensive premium to pay foi operating room secuiity 
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AN ATRAUMATIC FASCIAL-SUTURE NEEDLE 
Lt Seymour S Jacobson, M C 

STAHK GFNEnM, nOSPIT\l. 

Charleston, S C 

In 1901, L L McArthuU wiote his first aiticle on a method of lepainng 
heiniae by the use of “living” fascial sutuies His clesciibed technic cons.sts 
of splitting from the edge of the internal flap of the external oblique aponeu- 
1 osis a one-eighth to three-sixteenths-inch sti ip of the white fibei s u Inch entei 
into the foiniation of the inteinal pillai of the img The strip is cut loose 
fiom its nisei tion m the muscle belly, but left attached at its mfeiioi end to 
the spine of the pubis A similai stiip is taken from the outei flap, the lower 
end of which stiip terminates in the fibers of the external pillar of the iing 

The opeiation is then completed according to the choice of the opeiatoi, 
eithei a Bassini or an Andiews proceduie, using these stiips as sutuie mateiial 
for a lunning stitch 

His leasons foi using his “tendon sutuie” w^ere (i) Obtaining of a 
“living” sutuie which lies diiectly m the wound itself instead of lequiiing 
extensive dissections 01 abnoimal displacements of impoitant stiuctuies, 
(2) lessening the chance of failure thiough avoidance of intioduction of dead 
or foreign tissue, (3) healing of the tissue m situ, larely sloughing 01 becom- 
ing absorbed, and (4) mcoipoiatmg of oiganized wflnte fibious tissue into 
the lesistmg cicatiix of the healed wound When the fascial stiips aie 
loosened they loll up as does catgut, pull thiough as easily as catgut, and have 
a tensile stiength of ii to 24 pounds He felt that the same piocedure could 
be applied to othei situations 

McArthui’s technic gamed little support from his contempoiaiies and w'as 
neaily lost in the mass of medical literature It w^as not until about 20 yeais 
later that the use of fascial sutuies was levived In 1921, Gallie- became 
Intel ested m the laige numbei of vential herniae found in soldieis wdio had 
been opeiated upon foi abdominal wounds mcuired duiing Woikl Wai I, 
and in lecunent heiniae of othei types He noted that, m most instances, the 
musculai and aponeurotic structuies which had been sewn togetbei in an 
attempt to close abdominal wall defects, due to extensive w^ai mjuiies, had not 
lemained firmly healed togethei, but had separated sufficiently to give use to 
ventral heiniae Thus, he was led to the idea of closing these defects m the 
abdominal wall with fiee tiansplants of fascia lata strips wmven into what 
he called an “aponeuiotic filigiee” He then demonstiated that these stiips, 
wdien placed in such a position that they lecened an adequate supplj of hanpli, 
continued to live unchanged 

Aftei conventional sutuie opeiation foi inguinal henna with lecuirences, 
in no case did Gallie find any evidence of adhesion between the conjoined 
tendon and the inguinal ligament, stating that “Fiom oui clinical cxjicnencc, 
theiefoie, and from the infoimation denved from oui expeiience, we have 
come to the conclusion that opei ations designed to produce pei maneiit adhesion 
betw'^een aponeurotic stiuctuies having a natuial tendency to sepaiate aie 
defective in piinciple, if they depend solely upon the process of healing in tlie 
line of sutuie Heiem lies the explanation of the high percentage of recui- 
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rences m laige ventral heiniae and m indirect inguinal heiniae, even when the 
operations have been performed by the most competent hands ” Therefore, 
Gaihe began using transplants of fascia lata as living sutuies ivhich might per- 
manently hold the edges of hernial rings together without depending upon the 
natural piocess of repair Gallic, using fascia lata strips, corroboiated Mc- 
Arthui 's findings that a living suture had the great advantage over catgut and 
similar sutui es, in that it was not absorbed but continued to j^erform the func- 
tion foi uhich It was oiiginally intended Over silk and other nonabsorbable 
sutures it was supeiioi in that it being composed of a j^erfectly nonirntant 



Tig 1 — He-\d of the needle unscie«ed, note the Tic j — Head partnilj screived 

gaping jaiss (Xa) into the shaft Jans non partial!} 

closed (Xal 

living tissue, healed solidly into the tissues through which it passed He, 
furthermore, demonstrated that it did not show a tendency to cut-out when 
subjected to any normal physiologic strain 

One of the chief technical difficulties m the use of fascial sutures has been 
the lack of a suitable needle to draw the fascial stiip through the tissues with 
the least possible trauma McAithui tied a stiand of No 3 silk (with a single 
knot) tightl}^ to the free end of the strip of fascia, thieaded the silk into an 
ordinary needle, and then pulled the fascial suture through the tissues to be 
united In using this technic it is appaient that the operator would encounter 
difficulty in di awing the sutuie through so firm a structuie as the aponeurosis 
of the external oblique, 01 through the inguinal ligament 

Gallie thieaded the fascial sutuie into a needle with a large eye (so-called 
Gallie needle) He then tied the strip of fascia securely into the needle with 
catgut 01 silk to pi event its unthreading, and tied a ligatuie of catgut aiound 
the terminal end to pi event it fiom splitting In taking the first stitch, he 
recommended that the needle be passed through one of the edges of the gap 
to be closed and through the terminal end of the suture, and drawn taut 
thus producing a sort of slip-knot to anchor the fascial strip He ended the 
suture by splitting the terminal end, and tying the two strands thus produced 
about itself m a triple knot This knot was made secure by transfixing it with 
a catgut ligature, to hold the loops together until they became firmly hea e 
Galhe’s technic of attaching the fascial suture into a large-eyed needle was 
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an impiovement in that the semicutting-edged cuived needle staited a small 
lent m the aponeurosis through which the suture could be pulled But it is 
obvious that the fascial sutuie was, of necessity, of double thickness at the 
point where it was threaded through the eye, and that this double thickness 
produced undue trauma when it was forced through the tissues 

In an attempt to overcome this difficulty I devised a compaiatively atrau- 
matic needle Basically, it is a semicuttmg-edged, curved, two-pieced needle 
of approximately the same size as the so-called Gallic needle The distal sec- 
tion, about three-quarters the length of the entiie needle, consists of a tii- 
angular semicutting edge on a curved shaft At the proximal end of this 
section IS a female tin ead which has been longitudinally countei sunk to a depth 
of about one-quarter inch, the countei sinking being of the gieatest possible 
diametei consistent with the stiength of the spring steel shaft Into this 
screws the short pioximal section which, manufactuied out of a specially 
tempeied spring steel, is of the same diameter as the lest of the needle, except 
that its pioximal two-thiids is hollowly slit longitudinall}^ down the middle, 
and its distal half tapers down to a male sci ew of much less diametei When 
unscrewed, this section gapes open, but when screwed into the shaft of the 
distal section the tapering fits tightly into the countei sinking and the gaping 
ends aie foiced together 

In use, the end of the fascial sutuie is placed between the gaping ends of 
the head of the needle, and the head sciewed into the shaft The squeezing 
pressure of the split ends coming togethei letams the suture in the needle As 
a further aid to holding the sutuie m place, a tiny pin is incorpoiated at light 
angles into the medial suiface of one side of the split This pm digs at right 
angles into the sutuie when the head is tightened 

The result is a streamlined needle-tascial-snture junction The fascial 
sutuie may now be pulled through the fibrous tissues of the aponeurosis, 
inguinal ligament, and conjoined tendon with no more tiauma than that which 
IS caused by the needle alone The diametei of this needle is about three- 
sixteenths inch, just large enough to be attached to the most commonly used 
fascial sutuie stiips which aie one-eighth to thiee-sixteenths inch in width 

This needle has anothei advantage, in that it can be used lepeatedly 
Fuitheimore, it may also be attached to kangaioo tendon sutuies, ribbon-gut, 
and foi suture materials of similar types 

SUMMARY 

(1) A biief lesume of the history and uses of stiips ol living fascia as 
sutuie mateiial has been given 

(2) Some of the advantages of fascial sutures ovei conventional sutures 111 
the lepaii of vaiious types of heiniae have been desciibed 

(3) The authoi has described an atraumatic needle of simple design, which 
may be used to facilitate the use of fascial and othei large caliber sutures 
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A PUNCH FOli CUTTING COTTONOID SPONGES FOR USE 
IN NEUROSURGICAL OPERATIONS 

Carroll J Bellis, M D 

Ml^NE\POUS, MI^N 

I HOM TIIL DLPMlTMbNT OP SUIlCLtM UVI\ ERSITl OF VIVNESOTV IIOSPIT\LS MINNEAPOLIS MINN 


Gentle manipulation of neivous tissue is of even gieatei mipoitance 
111 neuiosiiigical pioceduies than in most othei types of suigeiy, because 
iiiepaiable injuiy to the In am oi spinal cord may be easily produced Cii- 
culai cottonoid pledgets and lectangulai stnps oi some other nontiauinatiz- 
mg mateiial aie indispensable foi sponging neive tissue and for protection 
undei leti actors As sponges, the moist, cnculai pledgets leadily absoib 
blood and ceiebiospinal fluid, due to enoimous capillaiy surface afforded 

by the fibiils Application of the 
suction tip directly to the pledget 
ovei lying the bloody surface 
rather than directly to the tissue 
prevents injuiy b> the suction tip 
and facilitates suction by obviating 
clogging of the instrument In 
addition, the capil'anty of the 
pledglet IS effective in peiinitting 
the entile field it covers to be 
cleansed, although the suction tip 
IS applied to but one point on the 
pledget 

In the long, painstaking pro- 
ceduies involved in such opeia- 
tions as biam tuinoi lemovals, ovei 200 cnculai pledgets may be used These 
aie usually of two diameteis (i) About thiee-quarters of an inch, and (2) 
about one-half 01 thiee-eighths of an inch Cutting these out by means of 
scissors IS a tedious and tiring procedure 

In the opeiating 100ms at the Universit)'^ of Minnesota Hospitals, tw'o 
punches foi cutting the cnculai cottonoid pledgets aie in regulai use — one 
cutting smallei, the othei cutting laiger sponges Both punches, one of 
which IS showm in Figuie i, aie mounted on a single, heavy iron casting, 
for stabilit}^ during stamping The punch assembly consists of the circulai 
punch piopei, mounted on a base 4F2X4XF2 inches, a die plate mounted on a 
flap of spiing steel, and a cam actuating the die plate and operated b}'^ a 
handle about ten inches long The cam shaft is eccenti ically mounted, 
permitting giadual dowmw^ard movement of the die on the punch as the arc 
desciibed by the handle inci eases An iron stop-gauge limits the descent 
of the die plate A segment of thick lubbei tubing slipped ovei the punch 
and allow^ed to pioject slightly above it serves as a strippei 

The exact dimensions of the appaiatus aie indicated in the w'ork diagrams 
Figures 2A and 2B Figuie 2 A is a side elevation and Figuie 2B is a front 

318 



Eig I — View of punch showing rehtion of cnm 
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elevation, the die plate (DPI) and punch being shown engaged uith the 
stripper compressed In this position, the handle is neaily paiallel to the 
base The cam shaft mounting lequires no lubiication, but f notion between 



Fig 2B 

Fig 2 — Work diagrams of punch in stamping position (A) Side election 
(B) End ele\ation D Pi die plate S G stop gauge 

the cam and the die plate can be minimized by a light coating of machine 
oil The moving paits of the appaiatus aie stuidy, lequnmg no leplace- 
ment The punch and die aie made of high carbon steel so that necessity 
foi shaipening is eliminated A single punch assembly can be made foi 
approximately seven oi eight dollais 

In opeiation, a laige sheet of cottonoid is passed between the punch and 
die plate, and pledgets are stamped out fiom each fiesh aiea at the late 
of about 6o per minute 

SUMMARY 

An inexpensive punch is desciibed foi stamping out circular cottonoid 
pledgets used as sponges in nemologic suigeiy The ease and lapidity of 
operation lesults, piimaiily, from a minimum of mo^able paits 

Apprccntion m herewith extended to Mr John A PhtUn of the l.ni\tr‘-it\ of Minnt'otT Scicn 
tine Appxntui Shop, for his wholche irtid cooper^tlon in the construction of this punch itid jirc 
hi’iimri experiiiienfil devices 
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A Manual oi the Treatment of Fractures By John A Caldwell, M D Charles 
C Thomas Co , 1941 

A Manual of the Treatment of Fractures, written m a plain and simple text, by a 
Professor of Clinical Surgery, for students and interns, and dedicated to the House Officers 
of the Cincinnati General Hospital, is offered by the publishers 

With such a clear statement of its objectives, this manual should create an unusual 
amount of interest among such groups, and to a far greater number of men represented 
by the general practitioners 

The need for such a Manual has long been recognized, and this contribution of Dr 
Caldwell’s meets it, as would be expected from such a master surgeon The fact that 
the author is a general surgeon, and Director of the Fracture Service of the Cincinnati 
General Hospital, qualifies him to speak upon this subject 

His experience is evidenced throughout the text by such statements as 
‘‘The use of local infiltration anesthesia for the reduction of fractures ” 

“The most useful form of splinting material is plaster of pans ” 

“It IS always a serious mistake to administer an anodyne to relieve pain or dis- 
comfort caused by splints ” 

“Ascertain beforehand if the patient is serum sensitive before giving antitetanic 
or other forms of sera ’’ 

His reference to the Orr treatment in compound fractures instead of the more 
complicated technic of Dakin-Carrel, is now generally accepted 

The use of line drawings for illustrations instead of the usual reproduction of 
roentgenograms and photographs is an innovation which should be commended 

It IS unnecessaiy to say that such a book is timely, in the face of the increasing 
demands now being made by military, industrial and automobile accidents 

Walter Estell Lee, M D 
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SYMPOSIUM ON INTESTINAL ATRESIA 

INTESTINAL OBSTRUCTION IN THE NEWBORN 
J W Duckett, M D 

Dali^as, Tl \AS 

TROM Tiir DALLAS MEDICAL AND SURGICAL CMNIC BAALOR USIVI RSITA HOSPIT M AND BRVDPORD MCVORI \L 

HOSPITAL rOR BVCirS D VILAS TEN VS 

Surgical treatmcnt of congenital obsti action of the intestine in the 
newborn is at last beginning to pioduce encoui aging lesults Thnty years 
ago, not a single successful operation had been announced, and most cases 
had been described only as autopsy findings Moie recently, a small but 
gradually mci easing numbei of lecoveiies has been lepoited To Di 
William E Ladd, Dean of pediatiic suigeiy in this countiy, must go most 
of the credit foi the achievements of suigeiy m this new field Not only 
has Doctoi Ladd called attention to the pievalence of this condition and stimu- 
lated eftoits at making eaily diagnoses, but he has made valuable contiibu- 
tions to the opeiative technic and developed an oiigmal opeiation foi lelief 
of the extimsic type of obsti action The subject is piesented m detail by 
Doctors Ladd and Gross in then lecent volume entitled “Abdominal Surgeiy 
of Infancy and Childhood ’’ Then discussion of congenital obstruction is 
based on a senes of ii 8 cases tieated m the Boston Childien’s Hospital, with 
44 recoveiies The extent of this expeiience hovever, is unique, and a 
seaich of the hteiatuie on the subject shows only lepoits of single cases oi 
small gioups We feel justified theiefoie, in leportmg oui owm gioup of 
SIX cases, five of which weie opeiated upon, wuth thiee lecoveiies 

Congenital obsti action of the intestine should be suspected whenevei a 
new'boin baby begins Aomiting peisistently soon aftei bnth The vomitus is 
usually bile-stamed It quickly becomes piojeclile, and eveiythmg taken li) 
mouth IS piomptly lost if the obsti action is complete oi almost so Ihe 
site of the obstuiction cannot be piedicted by the time-intei\al between 
bnth and onset of vomiting, since the entiie intestinal Pact alio\e the ob- 
sti action IS aheady distended at bnth In digestive juices and swallowed 
amniotic fluid When an and fluids aie swallowed in the first feeding 
efloits, distention is fuithei increased and \omiting lesults When obstruc- 
tion IS incomplete oi intermittent \omitmg ma} begin later and ma\ be les‘= 
peisistent, making diagnosis moie difficult 

Anatomicalh consicleied, congenital obstuiction ma} be intimsic oi cx- 
tiinsic The intrinsic obstuiction is more fiequent and ma} occur at am 
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location It lesults fiom failure of reestablishment of the bowel lumen during 
the early weeks of fetal development Proliferation of epithelium obliterates 
the lumen of the primitive gut for a time, but normally the lumen reappears 
after confluent vacuolization of the central mass If this process is incomplete, 
one or more septa may remain to block the lumen or sections of the intestine 
may be lepiesented by solid fibrous coids or threads The condition is 
known as atiesia when the bowel lumen is completely obstructed or when 
there is loss of continuity and as stenosis when a small but ineffective open- 
ing IS piesent In either group, the clinical picture is essentially the same, 
though in stenosis the abnormalities are more likely to be amenable to 
surgical treatment 

Extiinsic obstruction usually is a lesult of incomplete rotation of the 
colon associated with abnoiinally placed folds oi bands of peritoneum which 
most frequently impinge upon the lower half of the duodenum 

Diagnosis of congenital atiesia or stenosis can often be made on the 
history alone In the absence of intracranial birth injury or unusual infection, 
bile-stained piojectile vomiting beginning soon after biith and persisting, 
almost invariably means obstruction of the intestine Hypertrophic pyloric 
stenosis can be diffeientiated by the latei onset of vomiting and absence of 
bile from the vomitus 

Positive diagnostic aid may often be obtained fioin roentgenologic studies 
Plain films of the abdomen are usually adequate, outlining the gas-filled 
obstructed stomach and intestine with striking clearness Barium may be 
given if necessai y but is to be avoided if possible because of danger of vomit- 
ing and aspiiation into the lungs, and because masses of barium, difficult to 
remove by lavage, may interfeie with opeiative procedures 

Survival of infants n ith complete obsti uction depends on early diagnosis, 
and immediate lepaii of the defect Without suigery, death invariably occurs 
within a week or ten days when obsti uction is complete, and high degrees of 
partial obstruction aie very pooily tolerated Close cooidmation of medical 
and surgical care is an essential factoi in survival There is often jaundice 
with consequent bleeding tendency, wdiich must be combated noth vitamin K 
Treatment of metabolic distui bailees, esjiecially dehydiation, require pre- 
operative administration of fluids and blood transfusion Ether anesthesia is 
preferable because of relaxation needed foi adequate exploration An incision 
of considerable length is advisable to facilitate the extensive operative pro- 
cedure often necessai y In cases of intiinsic obstruction, the best chance of 
a favorable outcome is offered by the perfoimance of a primary anastomosis 
about the site or sites of obstruction Two-stage procedures are poorly 
tolerated In extrinsic obstruction, Ladd has demonstrated that the most satis- 
factory results are to be obtained by releasing the peritoneal band lying across 
the duodenum and reducing the volvulus of the small intestine often asso- 
ciated wuth this lesion Certain important details of surgical procedure are 
essential to success m operations on these tiny patients Body heat must 
be preserved and any appreciable change in temperature avoided The delicate 
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tissues must be handled with extreme gentleness and complete hemostasis 
obtained Postoperative caie should include transfusion uith whole blood 
or plasma, and care to avoid vomiting and distention by use of la\age and 
suction 

The following case reports include five intiinsic obstructions and one 
of the extrinsic type Of the intiinsic gioup, one, uhich had a jejunal 
atiesia, died befoie opeiation could be attempted Two otheis uith jejunal 


i 

i 



Fic 1 — Cnsc 1 Stenosis of duodenum nc^r duodcnojejvnnl lunction ] indin^s in 

6 were identicn! 

atresia ueie opeiated upon unsuccessfullv one dimg 17 da\s after operation 
and the othei 12 days postopeiatne Both of these children had defects of 
the intestinal tiact which ueie so extensive that plwsiologic function could 
not be lestoied although satisfactoiv anastomoses ueic pro\ided Both 
of the cases of duodenal stenosis sunned opeiation and are apparent!}, de- 
\ eloping noimally as is also the single case of extrinsic obstruction, upon 
which the Ladd opeiation was performed 
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CASE REPORTS 


Case 1 —Baby E , a white female, was born at Baylor Hospital, 2 oo A M July 6 
1938 Full term Normal deliveiv Birth weight Six pounds, four ounces Mother 
had hydrammos Nursed with some difficulty but did not vomit for 48 hours after 
birth One small stool of meconium passed Vomiting became frequent and was 
bile-stamed 

Physcal Findings Noimal except for moderate abdominal distention and occasional 
visible peristaltic waves from left to right in the upper abdomen 

On July 8, 1938, a plain roentgenogram showed stomach and duodenum moderately 
distended with gas Next day, barium was given and definite evidence of obstruction 
of duodenum obtained Weight Five pounds, five ounces Clinical Diagnosis Con- 
genital obstruction of duodenum 

Opeiatwn — July 10, 1938 Under ether anesthesia, a right upper rectus incision 
was made, through wduch the upper abdomen was explored The stomach and duo- 
denum were found to be greatly dilated and thick-w-alled It was apparent that 
the obstruction of the lumen was due to an intrinsic defect, such as a persistent diaphragm 
The jejunum and large intestine were normal in appearance \vherever seen The 
liver was normal (Fig i) 

A short-circuiting operation was performed, anastomosing the side of the third 
portion of the duodenum with the side of the proximal end of the jejunum A rent 
was made in the mesocolon, through w'hich the wall of the duodenum was brought and 
attached by stay-sutures of No 0000 chromic catgut to the antimesentenc border of the 
jejunum as near as possible to its origin An anastomosis, with a stoma about two centi- 
meters long, \vas made, using two layers of No 0000 catgut sutures on atraumatic needles 
When the duodenum was opened, a catheter w'as passed upward into the stomach, meeting 
no obstruction, and was then passed downward to the point of obstruction at the base 
of the mesocolon Wound closed with continuous fine catgut suture in the peritoneum, inter- 
rupted figure-of-eight A-silk sutures in the anterior rectus sheath, and interrupted A-silk 
sutures in the skin Postopciatwc Diagnosis Congenital stenosis of duodenum 

Postopeiafwe Com sc COz and O2 were administered 24 hours to combat cyanosis 
Transfusion, saline and glucose given parenterally Water one ounce every hour was 
started after 12 hours, and most of it retained On third day, dilute breast milk was 
started, and the baby vomited small amounts tw'ice After this, there was no vomiting, 
and she was fed from the breast, gaming iveight steadily Discharged with mother, 
July 26, 1938, 16 days after operation Weight Five pounds, 15 ounces The 
wound healed firmly, although there was a delay of three weeks in the healing of the 
skin edges 

This child has been seen at frequent intervals since operation Her development has 
been entirely normal in every way, and she has enjoyed excellent health 

Case 2 — Baby W, white male, w^as admitted June i, 1941 Born 245 AM 
May 29, 1941 Twenty days premature Birth weight Six pounds, eight ounces 
Had vomited everything taken since birth No bowel movements On admission, weight 
five pounds, four ounces Moderate dehydration Slight jaundice Lungs clear and 
fairly well expanded Heart sounds clear No murmurs Ticktack rhythm Abdomen 
slightly distended, soft No masses palpable No visible peristalsis Urine normal 
Hb 64 per cent RBC 3,950,000 WBC 8,000 PMN 38 Prothrombin time five minutes 
Kline negative No stool passed After gastric lavage, a thin mixture of barium ivas 
given Fluoroscopy and roentgenograms shouted esophagus and stomach to be greatlj 
dilated and beneath these a large V-shaped shadow', probably representing duodenum 


and upper jejunum, also greatly dilated 

Coi/isc in Hospdal Fluids and glucose were guen parenterally Nothing ly 
mouth was allowed Transfusions w'ere given No stools were passed^ otliei than a few 
particles of greenish material, which contained no bile \ itamm K was gnen. 
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piothrombin time was lowered to one and one-half minutes Cluiical Diagtwsis Con- 
gen tal atresia of the small intestine 

Opeiahon — June 3, 1941 Undei light cthci anesthesia, a right paramedian incision 
was made Almost the entiie abdominal cavit} was occupied hi the dilated stomach, 
continuous wnth an enormous loop of d.stcnded small intestine The exact identity of 
this loop could not be detei mined, although it had the appearance of a greath enlarged 



Fir 2 — Cnsc 2 Atresis of jejunum and abnonml alt ichmeiit of nccLiidinK and trans 

\ersc colon 


duodenum, extending dow'iiwaid in the right side of the abdomen into the pchic caiiti 
and up the left side undei the diaphragm then medially to end hliiidh 111 the usual 
location of the duodenojejunal junction Here the intestine was replaced hi a fine 
hbrous cold thiee ccntimeteis 111 length which joined the dilated jiortion and the hegin- 
nmg of a normal looking small intestine, comiiletch collap'ied The eecuni aiijiendix 
and ascending colon lai looseh adhcieiU to the anterior surlace ot the deseending 
limb of the dilated loop The huge intestine was collapsed init noimal in appearance 
as far as it could he traced to a jioint where it was concealed h\ the ascending portion 
ot the dilated loop The Iner and gall bladdei were normal m appearance fPig 2) 
A.n anastomosis was made between the distal end of the dilated intesime and the 
collapsed jejunum near its proximal end Two H\crs 01 No 0000 chromic catgut wrn 
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used The abdominal wound w'as closed with through-and-through silk sutures Post- 
opoaUve Diagnosis Congenital atresia of the jejunum, abnormal attachment of ascend- 
ing colon 

Posfopci ative Couise Given concentrated blood plasma intravenously immediately 
after operation Condition was good for several days Nothing was given by mouth 
for 48 hours, then water in small amounts was given but vomited immediately Vomit- 
ing continued, no stools w'ere passed Normal saline solution was injected into the lower 
bowel and promptly expelled Prostigmine caused audible peristaltic activity for a few 
minutes but no stool resulted Temperature remained constantly subnormal Upper 
respiratory infection appeared Death occurred at 12 45 P M June 20, 1941 Autopsy 
permiss on w'as refused 

Case 3 — Baby N, a white female, was admitted, June ii, 1941, 12 hours after 
birth Birth normal Full term Weight Four pounds, six ounces Mother had poly- 
hydramnios Baby began vomiting immediately after birth and this continued at fre- 
quent intervals until death No stools were passed The baby’s body had felt cold and 
on admission temperature w'as 07 8°, falling later to 96 4° Aside from the small size 
and low temperature, there were no abnormal physical findings 

Urine Albumin — a trace, raie WBC, and casts Hb 208 Gm RBC 5,800,000, 
W B C 9,600 P M N J9 Prothrombin time six minutes Kline negative 

Course in Hospital Small amounts of greenish fluid w^ere vomited frequently, 
although the stomach was lavaged repeatedly and nothing given by mouth for 24 hours 
A weak milk formula w'as then given and promptly vomited Transfusions and intra- 
venous saline and glucose were given On the third day, a few particles of greenish 
material w'ere passed from the bowel On June 15, 1941, four days after birth, the 
child died, wnth a sudden rise of temperature to 104° The probable diagnosis was “birth 
injury ’’ No surgical consultation had been requested 
Autopsy Report — Anatomic Diagnosis 

1 Congenital abnormalities of gastro-intestinal tract 
a Lack of continuity of duodenum and jejunum 

h Marked dilatation and distention of duodenum, stomach, and esophagus 
c Partial atresia of jejunum 

d Small ascending, transverse, and descending colon 
c Absent omentum 

2 Prematurity 

3 Fetal atelectasis 

4 Small right ventricle 

5 Patent ductus arteriosus 

6 Mild icterus 

7 Uric acid infarcts of kidnejs 

“On making the usual midlme incision, there is a verj thin layer of granular fat 
present in the abdominal wall The peritoneal surfaces are smooth and glistening 
throughout, and there is no excess of fluid A markedly dilated loop of intestine presents 
Itself, and this is latei identified as markedly dilated duodenum The stomach is properly 
rotated in its correct location, it is markedly distended w'lth gas The constriction of 
the pylorus is readilj identified From this point onward, the duodenum is markedly 
distended, and m this manner has displaced the remainder of the gastro-intestinal tract 
downward The first portion of the duodenum is attached to the visceral surface of the 
liver by means of peritoneum, from this region the duodenum pursues its usual 
U-shaped course to the left, being related to the right kidney and suprarenal gland 
It ends as a blind pouch without any connections to the jejunum No atretic connection 
can be made out The jejunum commences as a blind pouch of fair size, and this is 
connected to the remainder of the jejunum by means of a fibrous cord, this pouch is 
entirely separated from the duodenum, and the tw’O lumina are not continuous The 
remainder of the jejunum and ileum are of the usual appearance, the appendix is in the 
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Case 4 — Baby M, a colored female, Avas admitted June 28, 1941 Born i 00 AM 
June 27, 1941 Full term Normal delivery Had received nothing by mouth except 
water in small amounts, and had A^omited greenish fluid persistently There had been 
no bowel movement Weight Five pounds, eight ounces Except for slight dehydra- 
tion, physical examination was noimal The abdomen was soft, and no masses were felt 
Urine contained albumin, and a raie pus cell Hb ii Gm R B C 3,000,000 W B C 
8,000 P M N 98 Kline negative 



Fig 4 — Case 4 Atresia of jejunum and aplasia of ileum Abnormal attachment of 
ascending and transrerse colon 

After oral administrations of barium, roentgenograms showed a great dilatation of 
the stomach and upper part of the small intestine, which were partly filled with barium 
Below this, was more gas-filled intestine Barium enema showed a small but normal 
appearing colon 

Cow sc m Hospital Nothing was given by mouth, but vomiting continued Saline 
and glucose were given parenterally as well as blood transfusion Vitamin K Avas 
given in preparation for operation Picopeiattve Diagnosis Congenital obstruction 
of small intestine 

Opciatioii—]vine. 30, 1941 Under light ether anesthesia, a right paramedian incision 
fiA^e centimeters long, Avas made The abdominal caA ity AA'as almost entireh' filled bj a 

328 



mIZVI'" bowel obstruction in the newborn 

large sac -1 ike dilatation of stomach and upper part of the small intestine The first 
impression was that the mam part of the cystic mass represented a huge dilated and 
hypertrophied duodenum, but closei inspection showed transverse folds dividing the mass 
into a series of thiee loops, closely pressed together and adherent This dilated portion 
of the small intestine ended blindlv in the left lowei quadrant of the abdomen, and 
the remaining poition of the small intestine was lepresented by a small, twisted cord- 
hke stiucture intimately adheient to the antenoi surface of the terminal dilated loop 
The cord connected with tlie provimal end of a verj' short teiminal ileum, six. centi- 
meters in length, which was of norma! diameter and possessed a lumen The cecum, 
appendix and ascending colon were small and collapsed, and lay on the anterior 
surfaces of tlic dilated loops of small intestine, lunmng upw'ard to the right of the 
midline to disappeai undei the gi eater cuivatuie of the stomach The w'all of the 
dilated intestine was thick, slightlj’’ edematous, and hypeieniic (Fig 4) 

An anastomosis w'as made betw’een the side of the short terminal ileum and the 
blind end of the dilated intestine Tw'o layers of No 0000 chromic catgut w'ere used 
The abdominal wound was closed w’lth through-and-through C-silk sutures Post- 
opoatwe Diagnosis Congenital atiesia of jejunum, aplastic ileum 

Postopciativc Com sc Operation completed wuth no apparent shock Concentrated 
blood plasma given mtra\enously Stomach was lavaged repeatedlj% and nothing given 
by mouth for three daj's \^omiting continued, but less frequently Saline solution 
was injected into the rectum to stimulate bow'd activity but no stool w'as passed until 
the seventh postoperative da^, when a few' shieds of greenish material w'ere expelled 
Similar scanty stools were passed seveial times thereafter After the third day, weak 
glucose solution and, later, an evaporated milk formula w'ere given by mouth, but 
lomiting continued Transfusions and parenteral fluids w'ere given daily Jaundice 
developed, followed b.v upper respiiatory infection Death occurred, July 12, 1941, on 
the tw'elfth postopeiatne day 

Autopsy Findings — Anatomic Diagnosis 

1 Congenital atresia and aplasia of ileum 

2 Marked dilatation of jejunum and duodenum 

3 Surgical anastomosis of terminal ileum and jejunum 

4 Marked jaundice 

5 Chronic fibrous adhesions in peritonea! cavity 

6 Slight diminution m rotation of colon 

7 Patent ductus arteiiosus 

8 Patent foramen ovale 

9 Confluent bronchopneumonia of botli lungs 

‘‘The fat m the midline is deep j'dlow' m color On opening into the peritoneal 
cavitj', the loops of the intestine aie maikedly adherent by fibrous tissue There are 
several markedly distended loops of small intestine The stomach and duodenum are 
in their usual locations but are markedly distended, w'lth average diameter of 3 5 cm 
The jejunum is also markedly distended and makes three loops, w'hich, together w'lth 
the stomach and duodenum, occupy at least 75 per cent of the peritoneal cavity On 
tracing the intestinal loops, the jejunum ends m a blind dilated sac about 12 inches 
from its commencement The remainder of the small intestine is represented by a 
narrow' fibrous cord coiled on the anterior surface of the dilated jejunum The terminal 
six centimeters of the ileum has a ver3' small lumen of about 0 5 cm m diameter 
This portion of the bowel has been anastomosed to the dilated jejunum The stoma 
of this anastomosis is open but the distal segments contain no air and only a small 
amount of seniisohd grayish-3'ellow material The stoma of the anastomosis measures 
four millimeters in diameter, and the margins are slightly edematous The cecum and the 
ascending colon are flattened and are situated medial to the normal position so that they 
he in approximately the midline The remaining portions of the large intestine are also 
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flattened but the lumen is patent as in the rectum The remaining viscera are in their 
usual locations 

“The liver border is 2 5 cm below the costal margin The diaphragm on the right 
IS at the level of the 4th rib and on the left at the 4th interspace The thymus is of 
the expected size 

“Both pleural cavities ai e free from excess fluid, and then surfaces are smooth and 
glistening The pericardial surfaces are smooth and glistening The heart is of normal 
size and the ductus arteriosus is open The endocardial surfaces are everywhere smooth 
and glistening The foramen ovale is open but closed by a flap The various valves 
are firm, and the leaflets are normal The myocardium is dark reddish-gray 

“The lungs are similar m general appearance, both being heavy, dark reddish- 
gray and airless On section, the lung tissue is bluish and contains many confluent, 
firm consolidated areas A moderate amount of frothy, yellowish fluid can be expressed 
from the upper lobes ” 

Case 5 —Baby B , a white female, was born at Baylor Hospital October 10, 1941 
Full term Normal deliverv Weight Seven pounds, four ounces Vomiting first 
occurred when baby was three days old and was intermittent thereafter Vomitus was 
bile-stained several times Visible peristalsis was recorded at times, waves passing from 
left to right in the uppei abdomen On Octobei 22, 1941 barium was given by mouth, 
and some delay in emptying of the stomach was noted , but no organic obstruction 
could be demonstrated On October 26, 1941, the baby was dischaiged, having shown 
some improvement on thickened feedings and atropine Vomiting had at times been 
projectile Stools were normal in appearance and amount 

Aftei leaving the hospital, s3'mptoms became promptly woise Projectile vomiting 
after almost every feeding began A small tumoi was thought to have been felt m the 
region of the pyloius Weight dropped to six pounds, two ounces 

On October 31, 1941, the baby was readmitted to the hospital Clinical Diagnosis 
Hypertrophic pyloric stenosis Saline and glucose given by hypodermocylsis 

Opeiaiion — November i, 1941 Under light ether anesthesia, a short right upper 
lectus incision was made and later lengthened The stomach and duodenum were 
moderately dilated, and, at the pyloric iing, the muscle fibers were moderately thickened, 
but there was no definite pyloric tumor, small intestine, dilated Below the duodeno- 
jejunal junction, the small intestine was collapsed and cyanotic The cecum was found 
in the left upper quadrant of the abdomen, where it was held by a thin fold of peri- 
toneum, which extended across the duodenojejunal ligament to the iliac fossa on the 
right The entire small intestine was found to be lotated at its mesenteric attachment 
through 360° m a counter-clockwise fashion The sigmoid colon was extremely long, 
extending into both upper quadrants In addition to the circulatory obstruction of the 
small intestine, there was obstruction of the lower portion of the duodenum just above 
the duodenojejunal junction by the abnormal peritoneal fold, to which the cecum was 
attached There was no attachment of the mesentery of the small intestine except 
at the point of entrance of the superior mesenteric artery (Fig 5) 

The stomach was first examined, and the thickening at the pvloric ring incised 
longitudinally through an incision about one centimeter long The muscle fibers were 
separated and the mucosa allowed to bulge through the incision to the level of the serosa 
The abnormal peritoneal fold was sectioned, allowing the volvulus to be reduced by 
clockwise rotation through 360° , and the cecum was then replaced in the right lower 
quadrant, but no attempt was made to attach it After 1 eduction, the color of the small 
intestine became normal and the intestine rapidly filled with gas The wound was 
closed in layers without drams, using fine cotton No 100 throughout Postoperative 
Diagnosis Extrinsic obstruction of the duodenum, incomplete rotation of the cecum, 
volvulus of the small intestine , early hvpertrophic pyloric stenosis 

Postopeiativc Conise Saline and glucose solution given bv hvpodermoclysis 
Nothing was given by mouth for 24 hours, then water in small amounts was started 
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and retained Thirty-six houis after operation, a formula of equal parts evapoiated 
milk and water was given in half ounce amounts and mostly retained The amount 
of the formula was increased gradualljr to three ounces every three hours, but, on the 
fifth postoperative day, vomiting of about half of each feeding began Thereafter, the 
adjustment of feedings continued to piesent a pioblem, but, when discharged, November 



Fig 5 — Case 5 Malrotation of colon, duodenal obstruction by band, volvulus of small 

intestine 

II, 1941, vomiting was occurring only once or twice a day, and theie was a steady 
gain m weight This course continued for the next three weeks, then vomiting ceased 
and has not recurred Normal development has continued 

Case 6 — Baby D a white male, was born at Good Samaritan Hospital December 6, 
1941 Full term pregnancy Difficult delivery with high forceps, resulting in two cephal- 
hematomata When two days old, the baby had a convulsion and began vomiting One 
small bowel movement of meconium was passed 

Admitted to Bradford Memorjal Hospital, December 9, 1941, vomiting frequent 
small amounts of bile-stained fluid and retaining nothing taken by mouth Barium was 

331 



J DUCKETT Annals of Surgerj 

September 19 42 

given by mouth and roentgenograms showed a greatly dilated stomach and duodenum 
No barium passed beyond the duodenum 

Weight Five pounds, eight ounces There was moderate dehydration and slight 
jaundice A large cephalhematoma was present on each side of the head in the 
occipitoparjetal regions There was no cyanosis and no sign of increased intracranial 
pressure The abdomen was slightl}' distended, and peristaltic waves passing from left 
to right across the upper abdomen were noted at times Examination was otherwise 
normal Cliwcal Diaguosts Duodenal atresia Saline and glucose solutions and a blood 
transfusion were given m preparation for operation 

Opeiation December ii, 1941 Under light ether anesthesia, a right upper rectus 
incision was made The stomach and duodenum were greatly dilated and hypertrophied, 
and the pyloric ring was identified with difficulty, since the pylorus and duodenum were 
uniformly dilated to a diameter of about five centimeters The point of obstruction was 
at or near the duodenojejunal junction, and was intrinsic The jejunum and the remain- 
ing portions of the small intestine were normal in appearance, but completely collapsed 
Cecum, appendix, and ascending colon were also normal The transverse colon was 
displaced upward and the transverse mesocolon stretched over the enlarged duodenum 
(Fig I) 

The dilated stomach and duodenum were collapsed by catheter passed through the 
mouth and the location of the obstruction was identified The entire small intestine was 
examined and found to be normal An incision was made through the mesocolon at an 
avascular area, through which the lowermost part of the wall of the duodenum was 
drawn and attached by an anchoring suture to the proximal portion of the jejunum as 
close to the duodenojejunal junction as possible A side-to-side anastomosis was made, 
using two layers of fine cotton sutures The stoma was about 2 5 cm in length The 
wound was closed m laj^ers, using fine cotton sutures 

Postope)atwc Com sc Concentrated blood plasma given intravenously immediately 
after operation Nothing was given bj' mouth for 24 hours, then water four cubic 
centimeters every hour, was started and increased gradually as no vomiting occurred 
Forty-eight hours after operation, breast milk was given but part of each feeding was 
vomited Vomitus was heavily bile-stamed A regimen of gastric lavage immediately 
preceding each feeding was begun and vomiting promptly stopped Normal stools were 
passed daily after feedings began Weight gam was slow but increased from five pounds 
two ounces, before operation to six pounds, thirteen ounces at discharge, January 10, 
1942, 30 days after operation Wound healing was delayed by small areas of subcutaneous 
suppuration, but, at discharge, there was a firmly healed scar Development proceeded 
normally On February ir, 1942, the baby weighed nine pounds, and was apparently in 
excellent health 

Discussion — It is significant that the last five of these six' cases were 
encountered during a period of six months, uhile the first was operated upon 
three 3'^ears earlier This may be coincidence, but it is more likely explained 
on the basis of an mci eased awareness of the occurrence of congenital obstruc- 
tion in the newborn It is encouraging to feel that more and more early 
diagnoses will be made, and that the list of successful operations will grow 
rapidlj^ largei "W e have no original contributions to make either to diag- 
nostic methods 01 surgical procedure We have been impressed, however, 
wnth the beneficial effect of concentrated blood plasma m the postoperative 
treatment of oui recent cases When plasma has been given intravenously 
immediately aftei operation no signs of shock have occurred and the post- 
operative course in each case has been astonishingW smooth Another technical 
detail of possible interest is the use of very fine cotton thread No 100, as 
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the onh sutuie mateiial Except foi a miiioi skin infection in one case, 
^^e have enconnteied no dififictilt) in uound healing when fine cotton has been 
used throughout the opeiation It seems particulail} adapted foi this type 
of surger} 
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ATRESIA OF THE DUODENUM 

CASE REPORT 

Robert R Impink, M D , and 
George R Clammer, M D 

Readixg, Pa 

The number of leported cases of duodenal atresia is small, and the man- 
agement of such cases fi aught with difficulties and disappointments When 
infants with this anomaly are encountered, therefore, it is important to record 
their history m the hope that the addition of some minor detail to the existing 
knowledge of the condition may aid m the diagnosis and treatment of futuie 
patients We are, therefore, presenting the following case 

Case Report — B B, a male infant, 30 hours old, was admitted to St Joseph’s 
Hospital, March 7, 1941 His birth had been uncomplicated Both parents were living 
and well, as were seven siblings One sibling had died of pneumonia in his first yeai 
When only six hours old the infant vomited a small amount of dark brown fluid 
Such vomiting recurred at varying intervals after the ingestion of fluids during the first 
24 hours, and caused the physician in charge, Dr Charles B Bertolet, to send the child 
to the hospital At the time of admission the patient’s general condition was good 
There was no clinical evidence of dehydration Examination of the ears, nose, throat, 
lungs and heart revealed nothing abnormal The abdomen was soft and not distended 
There were no palpable masses Peristalsis was not audible The extremities were 
normally formed and exhibited good tone 

Shortlv after admission the patient passed his first tenacious meconium plug Hts 
diet consisted of 5% Befo-lactose in one-half ounce portions every four hours, given 
by a nipple at first, later by gavage All the fluid ingested was regurgitated as a thick 
brownish liquid Elixir of phenobarbital gr 1/12 and atropine sulfate gr 1/1,000, given 
ten minutes before each feeding failed to prevent the vomiting HvpodermocJjses of 50 
cc of physiologic saline solution were administered e\erv six hours and Klotogen in 
o 5 cc doses was given every eight hours 

A surgical consultation was held ten hours after the infant ariived at the hospital 
At that time the child presented a strange and frightful picture Streams of fresh blood 
came from the nostrils and mouth, while the lips and chin w'ere coated w'lth dried blood 
Immediately before the consultation the child had vomited two ounces of bright blood 
The skin was mildly dehydrated Pinching the skin elicited a lusty cry The abdomen 
was soft but slightly distended The liver edge was easily palpable, extending from the 
xiphoid process to the right anterior superior iliac spine An indefinite tubular structure 
w^as palpable extending from the midpoint of the left costal margin dowmw'ards towards 
the umbilicus Peristaltic waves were not visible 

The diagnoses listed in order of preference w'cre i Duodenal obstruction, either 
extrinsic or intrinsic, 2 volvulus, and 3 an hemorrhagic diathesis, together w'lth some 
form of high intestinal obstruction 

On March 8, 1941, 24 hours after admission, a loentgenographic examination was 
performed Fluoroscopically, the chest, heart and diaphragm appeared normal A small 
amount of barium passed unimpeded dowm the esophagus, outlined the stomach normallj , 
and then passed through the pylorus The barium collected in the first portion of the 
duodenum and had remained there at the time of the second examination 24 hours later 
Roentgenologic Diagnosis Duodenal obstruction 

Operation w'as performed March Q, I94i> at 4 PM Preoperative medication con- 
sisted of sodium phenobarbital gr hypodermically at 3 15 P H Analgesia was ob- 
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tamed by means of a whiskey sugai-teat, and anesthesia by \% procaine infiltration 
A light rectus muscle-sphtting incision was made 

Examination revealed a dilatation of the pylorus to i 5 cm , and a dilatation of the 
first portion of the duodenum to 3 o cm At the line of juncture with the second portion 
of the duodenum this dilatation of the first portion ended abruptly in a rounded, blind 
sac A hiatus, of about 2 Mm m width, separated the first and second portions of the 
duodenum The second poition was slightly distended and was tinged green-black by the 
bile which it contained Examination of the stomach, jejunum, ileum, and colon 
levealed no gross abnoimalities 

A duodenojejunostomy was effected between the dilated fiist portion of the duode- 



Fig I — Roentgenognm showing the diHtecI fiist portion of the duodenum 
filled with bTiium, 24 liouis aftei barium was ingested 

num and a loop of jejunum about 10 cm distal to the ligament of Treitz The anastomosis 
was held by means of an outer row of interrupted and an mnei row of continuous 
sutures, posteriorly, and a Connell suture and outei row of mtei rupted sutures, anteriorly 
Arterial silk No 00000 was used throughout 

It was necessary to induce light ether anesthesia to close the abdomen The peri- 
toneum and rectus sheath were closed as one layer with closely placed interrupted sutures 
of No 00 silk Interiupted vertical mattiess sutuies of No 00 silk approximated the skin 
edges 

A transfusion of 70 cc of citrated blood was administered immediately after opera- 
tion The postoperative reaction was negligible Aspiration of the stomach contents 
every four hours, during the first 48 hours, yielded to 8 cc of bile-colored fluid Sterile 
water was given in amounts not exceeding i5 drops every two hours, and 50 cc saline 
infusions were continued, hypodermically, every six hours Sulfanilamide, 15 cc of 08% 
solution, was added to each infusion 

Twenty-four houis after operation the infant became cyanotic and developed rapid, 
irregular breathing Simultaneously, tetanic contractions of the hands occurred These 
phenomena were relieved by inhalations of oxygen and intramuscular injections of 
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calcium gluconate Physical examination of the lungs revealed no abnormal signs 
On the second day after operation there uere se\eral short-Ined attacks of respira- 
tory difficulty which were relieved by oxj'gen inhalations 

On the third day ten drops of 5% glucose solution, alternating with ten drops of 
mother’s milk, were taken every hour Regurgitation of indeterminate amounts of bile- 
colored fluid occurred A dark green stool indicated that bile was passing through the 
anastomosis A urine specimen gave a strongly positive reaction for acetone To combat 
this acidosis 2 5% glucose solution was added to the saline infusions A second trans- 
fusion of 70 cc of citrated blood was administered The temperature dropped to 99 8° F 
at the end of the third da}"^ 

On the fourth day a disruption of the central two-thirds of the wound was dis- 
covered, with the anterior surface of the right lobe of the liver filling the gap The skin 
edges were approximated with strips of adhesive plaster and a vasehned gauze dressing 
was applied Resuture was postponed in the hope that improvement in the general con- 
dition might occur as the function of the duodenojejunostomy became established The 
child was taking 160 cc of milk and glucose solution by mouth in 24 hours, and regurgi- 
tating about one-half this intake The temperature remained normal on the fourth da^ 
and until noon of the fifth day postoperatively 

The volume of fluid regurgitated diminished on the sixth day and the infant 
appeared stronger Therefore, the wound was resutured under light ether anesthesia 
Interrupted through-and-through sutures of No 38 steel wire, extending from skin to 
peritoneum, w'ere placed m the abdominal w'all Skin edges were carefull}' approximated 
with interrupted sutures of No 40 steel wore The operation required 37 minutes 

The infant appeared to be severelj shocked immediately foUow’ing the operation, and 
after 45 minutes respiration became imperceptible but w'as restored w'lth the aid of a 
resusatator The improvement thus obtained was short-lived Repeated resuscitation 
was necessarv until death occurred two hours and 45 minutes after operation, March 15, 
1941 

Autopsy — This was performed 20 hours postmortem The cause of death was 
lobular pneumonia, mvohing the lower lobes of both lungs Microscopic examination 
show'ed this process to be in the stage of grey hepatization 

Pathologic E\aminaiwn — Gioss The stomach w'as long and of the fish-hook hpe 
The duodenal bulb w'as dilated, and a complete atresia was found 3 cm distal to the 
pylorus There wms no abnormaht\ of the common bile duct w'hich emptied into the 
second portion of the duodenum just distal to the line of atresia via a dilated ampulla of 
Vater 

The duodenojejunal anastomosis w'as intact and there was no evidence of serosal 
irritation along the suture line Micioscopically, numerous fibroblasts w'ere seen in the 
inflammatorv exudate w'hich cemented the serosal surfaces This degree of healing 
appeared to be normal for the elapsed time 

SUMirA.RY 

This IS a repoit of a case of congenital atiesia of the duodenum in an 
infant 30 hours old Roentgenologic examination proved the atresia to be 
complete A duodenojejunostoiity ivas performed 50 hours after birth The 
child had attacks of respiratoi)" difficult}’’ which recurred with increasing fre- 
quency aftei the second postoperative da} On the fourth day postoperative!} 
the w’ound was found disrupted Liquids taken by mouth w’ere retained in 
one-half to one-third the ingested amounts and there W’as eMdence that the 
anastomosis functioned The wound of the abdommal wall was resutured 
on the sixth da} follow mg the first operation Three hours later the infant 
died Autopsy show ed the anastomosis to be intact Bilateral pneumonia 
W’as the cause of death 
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MULTIPLE ATRESIA OF THE SMALL INTESTINE 

CASE REPORT 

D jM Glover, M D , Simmons Smith, M D , 

AXD 

Oliver Eitzen, M D 
CLFvrrAXD, Ohio 

FROM Tlir Di:PARTMrNT<^ OF SURGCRA AND PATHOLOCA OF CLE\ I I \ND CIT\ HOSPITAL AND THE 
MEDICAL SCHOOI OF WESTERN RESERVE UNI\ERSIT\ CLEVELAND, OHIO 

Or THE MANY CAUSES of intestinal obstiiiction in the newborn, multiple 
atresia is one of the rai est The case pi esented herewith, which showed eight 
separate and complete points of occlusion of the small intestine was observed 
at Cleveland Cit}^ Hospital Fiom a cuisoiy leview of the literature, it seems 
probable that feuer than lOO such cases have been lepoited 

Webb and Wangensteen^ estimated that some foim of congenital obstruc- 
tion of the bowel is found appi oximately once in 20,000 bn tbs Ladd^ 
repoited 60 cases of obstiuction due to intestinal anomalies, of these 40 weie 
due to mtimsic defects Glorer and Hamanir leviewed the lecoids of three 
large geneial hospitals in Cleveland, coveiing a 17-year peiiod, and were 
able to collect 18 cases of acute intestinal obstiuction due to anomalies, of 
these, five showed points of atiesia Davis and Poynter,’^ who studied a 
large series of cases in 1922, believe that m approximately 15 per cent of the 
atretic cases the points of atresia aie multiple 

Case Report — Baby G , ivhite, female, was born August 18, 1940 at i 00 p m , 
about two months prematurely Previous to admission to the hospital the baby was kept 
at home in a basket, without any form of external heat On the day after birth, following 
the mother’s attempt to give her some boiled watei, she vomited a small amount of 
bile-stained fluid Until admission to the hospital, August 20, 1940, almost two full days 
after birth, she had retained no significant amount of water or milk There had, further- 
more been no stool or passage of meconium 

At the time of admission, physical examination showed a premature, moderately 
icteric infant, whose temperature w'as Following each feeding she vomited bile- 

stained fluid, and peristaltic waves passing from left to right could be easily seen in the 
epigastric region Several small enemata were given, following which only colorless 
mucus was passed Roentgenologic studies, made on the morning following admission, 
showed the stomach and duodenum to be greatly distended with gas, but no gas was 
visualized in the remainder of the small intestine or colon (Fig i) After the adminis- 
tration of a small amount of a barium suspension by mouth, the dilated stomach was 
readily filled by the contrast medium, as were the first and second parts of the duodenum 
The third part of the duodenum (as shown in the oblique views) seemed to he anterior 
to and below the stomach, and then appeared to pass about the greater curvature of the 
stomach to the left and come to a blunt point of occlusion behind the stomach Beyond 
this point neither gas nor barium would pass The interrugal folds of the duodenum were 
readily visualized (Fig 2) 
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Combining the historj^ of vomiting bile-stained fluid from the time of the first feed 
mg, the physical evidence of dilatation and visible peristalsis in the stomach and the 
roentgenographic evidence of distal duodenal obstruction, with anterior position of the 
duodenum, the operator (D M G ) thought that the evidence favored a diagnosis of 
unrotated colon with i olvulus of the small intestine about the superior mesenteric artery 
With this preoperative diagnosis, an exploratorv celiotomy was performed, under local 
anesthesia, through a small upper right transverse incision 

Operative Pathology Upon opening the peritoneum, an enormously distended loop 
of intestine presented The stomach and duodenum were markedlv distended, with flecks 
of barium visible through the thinned-out visceral wall The duodenum,’ which was 
about 2 cm m diameter, occupied an anterior position below the stomach, in front of 



Fig I — Roentgenogram showing the 
distended, gas filled stomach and duodenum 


Fig 2 — Roentgenogram showing stom 
tcb and duodenum partly filled with barium 
and gas Neither barium nor gas can be 
seen beyond the distal duodenum, which 
clearly shows interrugal folds 


the superior mesenteric artery, curving to the left behind the stomach and ending blindly 
at a point, roughly, in the position of the duodenojejunal junction The cecum and ap- 
pendix were just to the left of the midline below and behind the duodenum The distal 
ileum entered the cecum from right to left, and the entire colon occupied the left side 
of the abdomen, m unrotated fetal position The small intestine was collapsed, verj 
small in caliber, and occupied the right lower abdomen It was impossible, without 
completely eviscerating the infant, to determine the exact position of the proximal 
jejunum A loop of small intestine, which seemed large enough to make an anastomosis 
possible, but which was actually only about 4 mm in diameter, was anastomosed to the 
blind end of duodenum, by the end-to-side method, unng fine silk sutures throughout, 
without the use of clamps Gas and fluid passed immediately into the small intestine from 
the duodenum The abdominal wall was closed in layers with fine catgut 

Following operation the infant began taking a small amount of formula every hour, 
and regurgitated only a little On the second postoperative da\ a small, vellow stool 
was passed On the third postoperative dav (August 23 1940), howe\er, the infant 

became weak, cyanotic, and died 
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Autopsy — Gloss Pathology External examination revealed moderate icterus Theie 
was a healing scar in the light upper quadrant, 4 cm in length No anomalies of the 
external surface, head 01 extremities weie noted 

Section revealed the thoracic and abdominal organs, other than the intestinal tract, 
to be in the usual position The stomach was slightly distended The .intestinal tiact 
showed complete lack of rotation The entiie duodenum was markedly dilated The 



Fig 3 — The postmortem appearance of the abdominal viscera 
The distended duodenum may be seen on the left .. 

the ileum The cecum and appendix are in the midline below the 

stomach 


first and second portions were in the usual position but the third, instead of passing 
over the vertebral column in the usual manner, passed downward on the right side of the 
abdomen and, at the height of the umbilicus, turned cephalad into the epigastrium an 
crossed the spinal column m its terminal portion to end blindly A loop of ileum 8 cm 
from the ileocecal junction had been attached in side-to-end anastomosis to this bin 
end The jejunum began m the root of the mesentery as a filamentous strand i mm 
in diameter, gradually widened to an average diametei of 5 to 8 mm , then terminated 
abruptly m a blind end In the remaining distal portion of the jejunum and ileum seven 
additional areas of atresia were found (Figs 3 4) The segments of intestine 

between these atretic areas varied from approximately 2 to 5 cm in length, were 
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cylindncal, and had bluntly rounded ends The portions of the mesentery between the 
segments ended m slightly thickened rounded free edges The entire root of the mesen- 
teiy was on the left side of the spine The final segment of the small intestine measured 
about i8 cm and emptied into the eecum which was found in the left upper quadrant 
The appendix evas normal The colon extended by a free mesenteric attachment in the 
left cohe guttei to the pelvis where it terminated in the sigmoid and rectum in the usual 
manner The serosal surfaces in the region of the anastomosis were covered by a light 
reddish-brown fibrinous exudate The stoma of the duodeno-ileostomy ivas very small 
but patent, and no obstruction in the intestinal tract distal to the anastomosis was found 



Tig 4 — The postmortem specimen showing seren ireis of 
atresia in the small intestine 

il/ic; oscopic The segments of the intestine ended in normal mucosa and submucosa 
However, as shown by serial sections, both the longitudinal and circular muscle layers of 
the intestine, diminished in size, continued acro'is the gaps m the mesenter} and linked 
succeeding segments This muscle showed no microscopic abnormalities other than 
small size of the layers Cross-sections of the portions of mesentery between the blind 
ends of intestine showed muscle fibers, longitudinally and circularly disposed, surround- 
ing a mass of connective tissue either completely or partially, the mesenteric side being 
composed of loose vascular connectne tissue A section of the duodenojejunostomy 
showed edema, hyperemia, mild acute inflammation, necrosis, clusters of cocci, and 
amorphous masses These changes were more marked m the duodenal than in the ileal 
w'all 

Sections of lungs, liver, spleen and kidneys showed moderate passive hyperemia A 
few' small focal hemorrhages w'ere seen in the low'er lobe of the left lung and in the 
p\ramids of the kidneys 
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SECTION ON PATHOLOGV 

STATION HOSPITAL, CAMP LEL, VA 

Most gastric ulcers seen in reported autopsy and surgical material 
are chronic oi of the acute perfoiating variety and conform to the usually 
described round or ovoid ulcer of Ciuveilhiei Descriptions and illus- 

trations of gastroscopic studies'* made during the pi ogress and development 
of gastric ulceis do not alter this geneial impression 

The following is leported chiefly to illustiate the unusual form of a 
laige subacute ulcei, suigicall} lemoved because of hemorrhage and obstruc- 
tion, thought to be due to gastiic malignanc}^ The pattern of the ulcer 
bed and its apparent coincidence with the distiibution of the subserosa' 
blood vessels of the lesser cuivature of the stomach is liken ise considered 
noteworthy 

Case Report — E D, Negro, male, age 51, was admitted to the Station Hospital, 
Camp Lee, Va , November 10, 1941, with the chief complaint of vomiting “coffee 
ground” material Prior to admission, October 31, 1941, he had first complained of 
loss of appetite and “growling” m his stomach He had taken three compound cathartic 
pills and had had three copious bowel movements containing mucus but no gross blood 
He was unrelieved of the cramping pain but the catharsis and the anorexia persisted 
On November 2, he vomited three or four times During the next week he was unable 
to retain solid food but could take liquids Severe cramping pains coming in waves, 
preceded the vomiting He had not had a bowel movement since November i, although 
he had passed flatus His past history revealed normal bowel function until October 
31, 1941 He had had malaria in childhood Operations had included the excision of 
a lipoma in 1929 and 1931, and the excision of a fistula m ano in 1931 He was unmar- 
ried, denied venereal intection, used alcohol moderately and smoked 10 to 12 cigarettes 
daily 

Physical Eramination — The patient was a well-nourished male, height 71 inches, 
weight 210 pounds He was acutely ill Positive findings were moderate pallor of 
mucous membranes of the mouth and lips, and slight midepigastnc tenderness, but no 
rigidity No adbominal masses, tympanites noi increased intestinal activity were noted 
There were a few small, shotty inguinal Ivmph nodes His heart and lungs were 
negative Blood pressure 124/70 mm Reflexes normal 

Laboiatoiy Data —R B C 5,135,000-4,600,000 W B C 21,000-12,000 The high 
initial counts were undoubtedly due to dehydration Hb, 95-80 per cent (Tallqvist) 
The blood Kahn was positive on November 17, and again on November 27, 1941 
Gastric Anabasis — November 12 1941 Total acidit3 of 75 u iits, and a free hj'dro- 
chloric acid of 45 units Pus cells and R B C were abundant Roentgenologic examina- 
tion, November 13, 1941, revealed an “ulcer niche of the stomach on the superior 
margin of the pjdoric area with evidence of infiltration which is strong^ suspicious of 
malignancy” Pi eopa ativc Clinical Diagnosis — Carciuomz of the stomach with 
obstruction 
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Picopaativc Coiuse and Management — General supportne treatment was instituted, 
including gastric drainage by the method of Wangensteen, and water electrolyte balance 
was controlled by the intravenous route During this period there was considerable 
gastric distress and the drainage continued to contain blood The patient steadily lost 
m strength and weight, as it was impossible to pass the duodenal tube beyond the 
pylorus and into the duodenum for feeding purposes, due to the apparent obstruction 
He had two blood tiansfusions of 500 cc of whole citrated blood Early nutritional 
edema developed on or about November 17th, so that it was decided that surgical inter- 
vention was necessary despite the inability to improve his nutrition 

Opciation (J B M) — Novembei 19, 1941 Under geneial anesthesia (gas induc- 
tion open drop-ether), a laige ulcer-bearing area of the pyloric region was found, with 
greatest tumefaction and hypeiemia at the lesser curvature and extending almost to 
the greater curvature on both gastric walls There were no adhesions or enlargement 
of the regional or mesenteric lymph nodes, neither did exploration reveal nodules of 
the liver or retroperitoneum A subtotal resection was accomplished by removing be- 
tween one-third and one-half of the stomach Intestinal continuity was reestablished by 
the anterior Polya method A Witzel-type jejunostomy for feeding purposes was estab- 
lished in the proximal loop of the jejunum about foui inches below the anastomosis The 
catheter was threaded through the mesentery and brought through a separate stab 
incision to the left of the exploration incision, which was an upper left rectus type 
One of us (J B M ) has for a number of vears adopted this procedure as a part of the 
operative technic for postoperative feeding,'’’ with substantial benefit to all patients 
so treated 

Postopeiatwc Com sc — The postoperative course was exceedingly smooth Of 
especial interest was the feeding pioblem which was made simple by the jejunostomy 
For a number of years the formula of Scott and Ivy ® had been used with benefit, but 
m this instance the simplified foimula recommended by Clute and Bell" was found to 
be entirely adequate, and m a military hospital has much to recommend it because 
of the simplicity of pieparation The hydration and nutrition of the patient immediately 
improved, and by the fourth postoperative day he stated that he felt strong enough 
to get out of bed The jejunal feedings were continued for a week (about 2500 calories 
per day, with adequate protein, fat, carbohydrate, electrolyte and vitamins being given 
each 24 hours by a feeding schedule which continued through the day, save from 10 
p w to 4 A M ) The apparatus used was one previously described,^ and consists of a 
narrow blood burette with a controlled Murphy drip in the system to the catheter 
Too rapid flow caused increased peristalsis with pain and diarrhea (about one hour 
was allowed to intioduce the 250 cc feeding to the jejunum) The formula of Clute 
and Bell has the further advantage that it is low m fat The tendency to diarrhea noted 
m other feeding formulas was absent Supplemental feedings by mouth were instituted 
after the first week, and on the twelfth postopeiative day the jejunal tube was removed 

A gastric anal} sis, December 10, 1941, revealed a total acidity of 15 units, but no 
free hydrochloric acid Antiluetic therapy was also instituted at this time 

A generous diet was ordered and he had regained his strength by December 15, 1941, 
when he was discharged 

Pathologic Examination — Gioss — The truncated hoin-shaped specimen consisted of 
the amputated distal portion of the stomach, and measured eight centimeters along the 
lesser curvature and 12 cm along the greater curvature The diameter of the fundus 
poition was seven centimeters, while that of the pyloric end was four centimeters The 
amputation margins had been crushed The peritoneal surface was moderatel} hyperemic 
and there were numerous petechial hemorrhages in the edematous fatty mesentery of the 
leaser curvature Many catgut ligatures were present on the curvatures When spread 
out, the excised portion measured roughh 16 x 10 cm There was an exten‘'ne saddle- 
or gird'e-like ulceration centered at the lesser cur\ature, three centimeters from the 
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Fig I 



Fig 2 

Fig I — (A) Drawing of p%Ionc portion of resected stomach including the nicer The shape and 
e\tent of the ulcer pattern in comparison with the aascular distribution on the serosal surface (U) is 
iioteworthj The prominence of the eroded blood \essels is exaggerated in the drawing I igure _ 
shows the gross characteristics of longitudinal sections of the two cfiges of the ulcer (Drawings b\ 
P\ t Raphael Epstein, iled Dept U S Arm\ ) 
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pyloric amputation level, extending circumferentially four centimeters along the anterioi 
and 4 5 cm along the posterior wall It tapered from i 5 cm in its idest portion at the 
lesser curvature to narrow grooves extending to within two centimeters of the greatei 
curvature on both walls The margins of the ulceration were rolled and smooth There 
was considerable edema and hyperemia including petechial hemorrhages in a region 
two to three centimeters on eithei side of the ulceration at the lesser curvature There 
was little induiation The flat ulcer floor was eight millimeters below the mucosal 
margins The surface was granular with fibrin, clotted blood and glairy mucous, which 
was readily wiped off In the wide portion of the ulcer two blood vessel stumps pro- 
truded about 0 5 mm above the ulcer bed These had an outside diametei of one milli- 
meter The lumens contained clotted blood (Figs i and 2) 

Mia oscopic — The mucosa at some distance from the margin of the ulcer was com- 
posed of slightly hypertiophic glands between which were scattered moderate numbers 
of plasma cells A few solitary lymphoid follicles lying in the deeper parts of the 
mucosa were consideiably enlarged and had conspicuous reaction centers At the margin 
of the ulcer, the mucosa, rather abruptlj', became thinner, the glandulai structures were 
lost until, at the veiy edge of the ulcei, a single layer of epithelial cells formed the 
sole remnant of the mucosa 

The surface of the ulcerated area consisted of clotted plasma in which lay degene- 
rating leukocytes and cell detritis The entire gastric wall beneath the ulcer, as well as 
beneath the still preserved mucosa, was edematous and everywhere infiltrated by leuko- 
cytes, lymphocytes, plasma cells and histiocytes The muscle had been replaced, in some 
areas, bj granulation tissue, composed of newly-formed capillaiies and fibroblasts in 
various stages of maturity Here and there, but particularly in the deeper portions of the 
wall, was an abundant fatty areolar tissue In the deeper parts there are also numerous 
nerve bundles and small nerve ganglia, most of which were imbedded in the inflamma- 
tory reaction which extends to the serosa 

In a section from a portion near the ulcer, the suriace was covered with gastric 
mucosa which in one region was thickened to nearly twice normal This region w'as 
sharply delineated and consisted of normally arranged, shghtlv hypertrophic glandulai 
tissue, with much lymphoid hyperplasia The submucosa contained fatty-areolar tissue 
and presented inflammatory reaction similar to that described above There were a 
few' small hemorrhages In none of the sections was there any evidence of malignancy 
There was no indication from a study of the blood vessels, of vascular alteration of 
syphilitic or sclerotic nature Preparations from the ulcer margins of the unfixed fresh 
tissues examined by darkfield illumination failed to leveal spirochaetal foims Pathologic 
Diagnosis — Subacute ulcei of the stomach wnth maiked inflammatory reaction (Figs 
3 and 4) 

CoMMCNi — This laige subacute gastiic ulcei of unusual shape presents 
seveial inteiesting featuies fioin a pathologic as well as clinical viewpoint 

The lack of specific alteiations of the vascular tissues the absence oi 
patchy scariing, the failuie to find spirochetes in the ulcei niaigms, and 
the high gash 1C acidity unusual in lepoited gastiic syphilis,'' would seem 
to eliminate syphilis as a causative factoi m spite of the positive Kahn leaction 

Numerous writeis have been concerned with the relationship of the 
vasculai supply of the lessei cui vatui e wnth the coincidence of ulcer ^ 
Whether this relationship is significant in the case heie leported cannot 
certainly be ascei tamed, hut the conformity of the lesion to the subserosal 
^asculal pattern of the lessei cm vatui e seems especially notew'orth} (Figs 
I and 2) 

The tieatment was ohvioush suigical to lule out mahgnanc\ 'i he 
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operation was performed while the nutrition of the patient was impaired 
by inability to pass a feeding tube beyond the site of obstruction Operation 
levealed that this failuic to pass the duodenal tube was due to the severity 
of pyloric spasm 

Fig 3 
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Fig 4 

Fig 3 — Photomicrograph including a margin of the ulcer Note the 
narrow layer of epithelial cells extending to the ulcer floor 

Fig 4 — Photomicrograph of a section in the ulcer floor including small 
blood vessel, without unusual change Note cellular distribution 


1 he treatment b}^ medical means might have been attempted but foi 
the two just mentioned leasoii*: One maj'- speculate as to the subsequent 
course of this lesion, and its ultimate status — whether complete healing with- 
out seal ring might occui, or, the fai gi eater likelihood, that had time inter- 
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vened, that a chronic type of ciicumscnbed indurated ulcei would hd\e 
eventuated Thus does one wonder that here, due to impairment of a vas- 
«_ulai area, does not necrosis of tissue occur, with loss of tissue substance 
m the mucosal area so supplied, with reaction and healing of a portion save 
that wheie too great a mucosal loss has occurred, and here, due to high 
gastric acids plus aging of repair, a chronic ulcei of the lesser curv^ature 
might not have occurred 

The end-result was satisfactory, in that the man was doing light woik 
two months after discharge from the hospital 
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TROM TJin PROMDLNCE \\D ELOISP HOSPITAl S ULTROIT MICH 

Priaiary nonspecific jejunal ulcer and chronic duodenal ileus are both 
rathei rare, but impoitant lesions In the present instance the chronic duo- 
denal ileus uas a complication of jejunal ulcei 

Case Report — N , white, male, age 59, was admitted to Providence Hospital, 
December ii, 1940, with the history that he had, during the last ten years, passed 
“black stools” on numerous occasions and had occasional spells of “indigestion and 
dyspepsia, for which he never consulted a physician The past history is otherwise 
irrelevant 

For SIX months he had vomited one to tw'o hours following meals At first the 
vomiting occurred at infrequent intervals and was not in large amounts but grew 
progressively worse, occurred more frequentlj% m larger amounts, and w'as often 
of greenish color For several months he has vomited after each meal and even 
betw'een meals He has had no epigastric pain nor distress other than a feeling of 
fullness, w'hich has ahvays been relieved by vomiting 

During the last si\ months he had lost 01 er 40 pounds in w'eight, became con- 
siderably weakened, and w'as alwajs moderately constipated On physical examination 
he was well-developed but undernourished and dehydrated His tongue was dry and 
coated There was a soft mitral systolic murmur over the apex of the heart and some 
moist rales at the bases of both lungs The abdomen W'as soft moderately distended 
and tympanitic There were no masses or areas of tenderness Blood pressure 120/60, 
temperature, pulse and respirations normal 

Laboiatoiy Data R B C 5,160,000, hemoglobin 112 per cent, W B C 8,000, with neu- 
trophils 78 per cent, lymphocytes rS per cent and monocytes 4 per cent Urine T race of 
albumin, and 20 to 25 leukocytes per high pow'er field Roentgenologic examination dem- 
onstrated an obstruction of the small bow'el m the region of the ligament ot Treitz (Fig 
I A) This produced almost complete obstruction, with a marked dilatation of the entire 
duodenum and stomach One week later there w^as still a mmimuni amount ot barium in 
the stomach, indicating marked gastric delay (Fig iB) A barium enema showed no 
abnormalities Clinical Diagnosis Chronic duodenal ileus due to obstruction near the 
duodenojejunal angle The obstruction was thought to be an annular carcinoma or ulcer 
He W'as prepared for operation from December ii to December 20 1940 Wangen- 
steen suction drainage was instituted to decompress the stomach and duodenum 
Fluid was administered parenterally as 1000 cc of 10 per cent glucose in saline e\erj six 
hours, and a liquid diet was given On the day before operation, he received CO.- 
inhalations, digalin intramuscularly and three 5 mg doses of cortate Whole blood 
ch'oride on this day was 483 mg per cent, and nonprotem nitrogen 269 mg per cent 
Operation — December 20 1940 Under continuous spinal anesthesia, the abdomen 
W'as opened through a midliiie incision The stomach and first pait of the duodenum 
w'ere qu te dilated The jejunum, about one inch below the ligament ot Treitz, was 
markedly adherent to the root of the mesenteri m the region of the superior mesenteric 
vessels and, at this point, seemed to be coinpleteh constricted The jejunum aboie this 
point was dilated and the wall thick and edematous The hmph nodes in the adjacent 
mesentery w'ere marked!} enlarged One remoied for biopsi, proicd to be mflammatori 
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(A) (B) 

1*IG I — (A) Note dilatation of entiie duodenum "secondary to ob'stuiction neai the 
ligament of Treitz (B) Plain film of abdomen one week after bainim meal, showing 
barium still present, indicating the completeness of the obstruction 



(A) (B) 

Tjc 2 — (A) The stomach and duodenum are dilated but not so markedly as at the time of 
operation An arrow indicates the point of stricture (B) <\.rroM i indicates the annular, and arrow 
e the circular ulcer It was the former which produced the constriction 
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n' ,t was necessary to d>v:cle the Lganient 

of Treitz This allowed mobilization of almost three inches of jejunam and duodenum 

A lateral duodenojejunostomy around the obstruction was easily accomplished Silk 
was used for the outer layei Three finger tips could be inserted into the stoma At 

(he end of the operation the patient began to strain, vomited considerable bile and 
became very cyanotic ' 


(A) 


(H) 






(C) 

Tig 3 — (A) Microscopic sections through the ulcer area — whole section through ulcer (Fig 2) 
(B) The border of the ulcer (C) The ulcer base 


Postopeiativc Conise — Within 24 hours following the operation the temperature 
was io6°F , pulse 134, and respirations 24 He was coughing considerably, was very 
cyanotic and restless He was placed in an o-s.ygen tent immediately and this was 
continued up to the time of his death Whenever it was necessary to continue the 
oxygen tent he became cyanotic and restless 

On the second postoperative day there was roentgenographic evidence of broncho- 
pneumonia involving the right perihilar region and base of the right upper lobe From 
this time on his temperature ranged from 103° to I 05 °F , the pulse averaged 130, 
and the respirations 30 per minute He gradually grew weaker and expired the eighth 
postoperative day At no time post-operativelj nas there anv abdominal distention 
or pain 
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Ncaopsy—Tht stomach was slightly dilated, and the walls were thick and edema- 
tous The duodenum was markedly dilated and, at a point approximately 3 cm above 
the ligament of Treitz, there \\as a duodenojejunostomj The stoma was of sufficient 
size and was apparently functioning well There was no evidence of rupture or per- 
foration at this site (Fig 2A) Immediately distal to the stoma there was a shallow 
ulcer I cm in diametei and approximately i cm distal to this there was a completely 
annular ulcei, which was shallow and had thinned the jejunum at this site (Fig 2B) 
The circumference of the jejunum at the ulcer was only 2 ^ cm The base and bordei 
of the ulcer was thick and fibrous The pancreas, spleen liver, and the lemainder of the 
intestine were essentially 1101 mal 

Pathologic Examination — Mictoscopic The stomach wall was thickened and edema- 
tous and the mucosa normal In the jejunum there were a numbei of changes of 
considerable importance (Fig 3) In the ulcei -bearing area, the wall was quite 
fibrous, and thioughout the entiie portion there was maiked infiltration with lympho- 
cytes, most of which were in definite collections In this aiea, the plexus of Meissner 
as well as the ganglion fibers were distinctly swollen and edematous The mucosal 
portion was distinctly hyperplastic and contained numerous mitotic figures The area 
of hyperplasia merged imperceptibly with an area 111 which the epithelium was denuded 
and formed a definite ulcei At this point theie was a distinct penetration of the 
process into the muscular wall The base was composed of dense fibrous connective 
tissue with numerous lymphocytes There was some fibroblastic proliferation as 
evidenced by the attempt at lepair The glandulai elements in the areas immediately 
adjacent to the ulcer were dilated and cystic In the sections examined there was no 
evidence of heterotopic gastric mucosa 

Disaiss-ion — In 1921, Judd" stated that not a single piimaiy jejunal ulcer 
had been observed at the Mayo Clinic up to that time Richaidson® (1922) 
reported the first case in this countiy Robinson and Wise® stated that only 
13 cases of jejunal ulcei had been reported up to 1940, and most of these 
were from the European hteiature They also stated that “m none of the 
case reports was a definite diagnosis made befoie operation ” Ebehng^ 
(1933) repoited his case as the fiist on recoid to be diagnosed clinically, as 
the 42nd case reported 111 the literature, and the seventh case to be operated 
upon before peiforation Of the 42 cases, 35 \vere of the perfoiating variety 
and of these, 22 came to operation 

The etiology of primaiy nonspecific jejunal ulcer is as obscure as is 
that of the more common duodenal, pyloiic, 01 gastric ulcer When classified 
as nonspecific, it is significant that they are not due to any of the knowm 
etiologic agents, such as typhoid, dysentery, tubeiculosis, syphilis, gastro- 
entei ostomy, trauma 01 tumois The various theories as to the cause of 
these ulcei s include focal infection vasculai obstiuction and thrombosis 
and hypei acidity from adjacent heteiotopic gastiic mucosa 

Most of the ulcers, in the cases lepoited, occuried in the proximal jejunum 
opposite the niesenteiic attachment With ulcer foimation, stenosis occurs 
as a lesult of the connective tissue foimed m and aiound the ulcei Both 
macroscopically and mici oscopically the description is similar to that of 
chronic peptic ulcer Theie are very few instances recorded of enlarged 
lymph nodes Multiple ulcers wei e obsei ved in nine of the cases 1 epoi ted 

These ulcers occur most fiequently aftei the age of 20, the majority in 
middle life They aie twnce as common in males as in females 
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The typical patient is a middle-aged male, who has a histoiy of mild 
gastric distiess particulaih' pain m the epigastiium This may simulate 
very closely the s3unptoms of gastric and duodenal ulcers, and with stenosis 
at the iilcei, theie maj he pain distention and vomiting from obstruction 
Melena ma} occur 1 he patient may have had no previous digestive com- 
plaints, but with perforation his S3nnptoms will be similai to those of pei- 
foiatmg gastiic and duodenal ulcers 



Fig 4 — Dnw mg of proposed -inastomotic nietliod in obstructions nenr ligament 
of Treitz (\fter Eusterman and Balfour-) 

Clinically, the piesence of simple nonspecific jejunal ulcei is hard to 
detect, as evidenced by the fact that only one was diagnosed up to 1934 
Duodenal ileus should lead one to think of jejunal ulcer Roentgenologic 
studies are invaluable in demonstrating these points 

Immediate operative repair is essential for the perforating ulcei s In 
the nonperforating tj^pes, eithei resection of the ulcer-beaiing area or duo- 
denojejunostomj' maj' be performed The usual duodenojejunostomj’’ is 
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placed between the jejunum distal to the obstiuction and the retiopeiitoneal 
duodenum to the right of the mesenteiic vessels (Fig 4) 

In the piesent instance, the ligament of Tieitz was cut and the duodenum 
was mobilized foi a distance of about thiee inches above the point of obstruc- 
tioiL and w^as thus made available foi anastomosis wuth the jejunum 

Dilatation of the duodenum, wdiich w^as such an important factoi in this 
patient, has been classified by Eusteiman and Balfoui- as follows Chronic 
dilatation of the duodenum and chionic duodenal obstruction wuth dilatation 
In the lattei gioup the obstiuction may be due to eithei intiinsic or extimsic 
causes in 1 elation to the bowel lumen 


Mumbtr 
of cases 


InflaTUTuatorv 


1 Twisted Tnesemery and 
‘•omaC’‘ anatomical abnovmaUty 
I Carcinoma ^ 



Group l 

DUODENAL-dEtJUNAL ANGLE -5 Cases 


Group 3 

High cJejunal- 6 cases 


Adhesions 
InflarnTnatory 
Ulcer ^ 
Tuberculosis 
Congenttal bands at 
ligament of Treltz. 
Syphilis 


Group 1 

Mid-Duodenum - 26 cases 

Number 
of cases 

15 Carcinoma pancreas 
5 ^mary carcinoma duodenum 
3 Carcinoma duodenum, gallbladder or pancreas 
2 Inflammatory glands, tuberculosis ? 

1 Accessory pancreas, plus carcinoma ? 

1 Pancrcatitts 
1 Benign tumor ? 

Fig 5 — Causes of chronic duodenal obstruction with dilatation (After Rivers and 

Thiessen’) 


Among the intiinsic causes of duodenal obstruction are included the lesions 
of the duodenal wall pi oduciiig stenosis and lesions or foi eign bodies obstruct- 
ing the lumen of the bowel fiom ivithin Among the extrinsic causes are 
included congenital anomalies and postoperative or inflammatoi y adhesions 
Riveis and Thiessen'^ reported 35 instances of chronic duodenal obstiuc- 
tion with dilatation, which were divided into three groups (Fig 5) 

In the intrinsic congenital types, septums within the bow^el are the usual 
cause 

Of the intrinsic acquiied causes of obstiuction, carcinoma, lues, tuber- 
culosis, jejunal ulcer, foieign bodies, gallstones, hairballs, and benign tumois 
are given as the causes 

The extrinsic types are much more fiequent than the intrinsic, and the 
folloiviiig are examples of this type Congenital anomalies resulting m fault) 
rotation of the intestines , adhesive bands and membranes , postoperative ad- 
hesions and bands, extensive adhesions from chronic cholecystitis, growths 
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and tumors of neighboring oigans and lymph nodes, and retroperitoneal 
new growths 

The diagonsis of chronic duodenal dilatation can not be made without 
roentgenologic examination Krass and Beck^ in an article on chronic duo- 
denal ileus, stated that the diagnosis is exceedingly rare 

SUMMARY 

The case report of a male, age 59, who had chronic dilatation of the duo- 
denum produced by obstructive multiple jejunal ulcers, is presented As a 
means of relief, a duodenojejunostomy was performed, in which the duodenum 
was mobilized by dissection after dividing the ligament of Treitz 

A brief leview of pertinent factors pertaining to primary jejunal ulcer as 
well as duodenal dilatation due to obstruction is included 
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MYO-EPITHELIAL HAMARTOMA OF THE ILEUM 
WITH INTUSSUSCEPTION 

Marcus E Cox, M D , 

AND 

Edward F Parker, MD 
Chari isTON, S C 

rUOM THE DEPARTMENTS OP PATHOLOG\ AND SURCERA, MEDIC AI COLLEGr OE SOUTH CAROI IN 

CHARLESTON S C 

The purpose of this communication is to piesent an instance of an un- 
usual benign tumor-Iike formation of developmental origin, composed of duct- 
forming epithelium and smooth muscle, occurring in the wall of the ileum 
of an infant, associated with intussusception , and to discuss briefly the general 
histologic stiucture, the classification, and the theoiies of origin of such a 
tumor 

The frequent association of tumors of the small mtestiiie with intussuscep- 
tion IS well recognized Hence no fuither comment will be made on this 
association 

Benign tumois of supposedly developmental origin, composed of epithelium 
and smooth muscle in varying proportions and degrees of structural differen- 
tiation, such as aberiant, heterotopic, or incompletely differentiated accessory 
pancreatic tissue and adenomyomata, occurring m the gastro-entenc tiact, 
are being repoi ted m increasing numbers However, until recently thei e were 
relatively few references m the literature to such tumors of the small intestine, 
with or without intussusception In addition to numerous reports of polypoid 
adenoma, various other types of benign tumois of the small intestine have 
been repoi ted, such as fibio-adenoma, leiomyoma, lipoma, fibroma, fibro- 
inyxoma, xanthoma, cystadenoma, hemangioma, lymphangioma, endometri- 
oma, and dermoids 

King,i 111 1917, in a leview of 119 collected cases of benign tumors of the 
small intestine leported up to that time, did not mention the type to be 
desciibed, nor did Willis,- Raiford,^ Moore and Schmeisser,'^ Cave,"' Joyce,^’ 
Fiske,'^ Goldberg,^ or Cohn, Landy, and Richter’’ Rankin and Newell,^” in 
reporting 24 cases of benign tumor of the small intestine, described one case 
in which three adenom)mmata were grouped togethei, causing partial ob- 
struction Claike^^ has recently stated that tumor masses composed of smooth 
muscle and epithelium are occasionally encountered m the gastro-entenc tract 
and reported eight such cases along with pertinent leferences He classified 
these tumors as hamartomata, using Albrecht’s^- term, -with the additional 
descriptively qualifying term of “myo-epithelial” to indicate the t}pe of 
tissue components 

Case Report — Roper Hospital, No 111,679 The patient, Negro, male, age nine 
months, was admitted to the hospital, Julj 23, 1940, suffering from constipation and 
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fever Two days previously the infant had had its last bowel movement, which was said 
to have contained a few -treaks of blood On that day the infant vomited several times 
and was noted to be very fretful , the mother thought it also had abdominal pains be- 
cause of frequent crying The appaient pain persisted up until the time of admission 
The following day the infant vomited foiii times and began to pass blood from the lectum 
Thereafter there were frequent passages of blood There was no history of any similar 
previous attack As far as was known, the infant had been m good health since birth, 
without any previous serious illnesses 

Phvsical Exam imtmn — Temperatuie I03“F, pulse 126, respirations, 28 The patient 
was a fairly well-nourished and well-developed Negro male baby who appeared acutely 
ill There was no cyanosis or jaundice The skin, lips, and tongue were dry The mu 
cous membranes were of good color The heart and lungs were normal The ab- 
domen was diffusely distended, symmetrical and soft throughout Over the upper abdo- 
men there \veie visible patterns of distended loops of bowel No mass was felt The 
liver, spleen and kidneys were not palpable There was no hernia On continued observa- 
tion, the abdominal wall intermittently 'became rigid, during which time the infant ap- 
peared to have abdominal pain On lectal examination, no mass was palpable After 
withdrawal of the examining finger, there was a bloody discharge from the rectum The 
remainder of the physical examination was noncontnbutory 

W B C 0,000 Hb 8 Gm Blood Wassermann and Kline negative A specimen of 
urine was not obtained Prior to operation a plain roentgenogram of the abdomen with 
the patient in the upright position showed moderate distention of the small intestine with 
numerous fluid levels present Culture of the peritoneal fluid obtained at operation 
showed no growth 

The diagnosis of intussusception was made, and operation was performed immediatelj 
following the administration of parenteral fluids 

Opciatton — Under drop-ether anesthesia, a right rectus, muscle-splitting incision 
was made On jncising the peritoneum, a small amount of clear, odorless yellow fluid 
escaped A specimen for culture was obtained Markedly distended loops of small bowel 
presented An intussusception was found, with the head of the intussusceptum m the 
descending colon Reduction was impossible without delivery, hence the intussusception 
was delivered, after which reduction was accomplished The intussusception was ileo- 
colic in type, starting about 30 cm above the ileocecal valve The terminal ileum was 
markedly discolored However, later the color improved and the bowel appeared viable 
At the site where the intussusception began, there was present in the wall of the ileum, 
on its antimesentenc border, a small, hard, round, tumor-like mass about one centimeter 
in diameter There was puckering of the serosa o\wr this mass The mass was excised 
longitudinally and the defect dosed transverselj^ leaving a satisfactory lumen in the 
bowel There was no gross remnant of the omphalomesenteric duct The abdomen was 
closed in layers without drainage, and the patient was returned to the \vard in fair 
condition 

Following operation, the patient became dyspneic and cyanotic, the pulse rapid and 
weak, and the skin cold with perspiration Death occurred about two and one-half hours 
later, m spite of supportive treatment Blood donors could not be obtained Permission 
for autopsy was not granted 

Pathologic Examination — Gioss The surgical specimen consisted of a segment of 
small intestine, three centimeters in length, markedly discolored and apparently infarcted 
The serosal surface was dull and covered by a thin layer of fibrin , the wall was generally 
dusky and succulent, and the mucosal surface deeply discolored There was a bulbous 
thickening between the mucosa and serosa which on section showed a small tumefaction of 
muscular appearance, measuring i 3 cm in its greatest diameter It did not appear to 
be sharply outlined Microscopic Sections taken through the nodule showed it to be 
composed of single and multiple groups of closely arranged duct-like and cystic spaces 
surrounded by irregularly arranged interlacing bands of smooth muscle Edematous 
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into which these tumors have been placed is aberrant or heterotopic pancreatic 
tissue Islet tissue and Brunner-type glands have been reported as associated 
features in some cases In those instances in which duct-like structures are the 
most conspicuous and the glandulai differentiation less pronounced, or lacking, 
Lauchens suggested the term, “incompletely differentiated accessory pan- 
creas ” When duct-hke structures usually lined by a single layer of undif- 
ferentiated columnar epithelium, in association with closely related smooth 
muscle, are found, the tendency has been to use the designation of adeno- 
myoma,^'*’ indicative of neoplasia and the types of component tissues, though 
the ability of these tumors to grow has not been definitely proved 

It has been the tendency on the part of those interested in the explana- 
tion of the origin of such tumors to regard them as heterotopias of develop- 
mental origin, derived from misplaced epithelial buds or diverticula during 
the process of development of the intestinal tract Several theories of origin 
of aberrant pancreatic tissue in the stomach and duodenum have been ad- 
vanced Zenker^® believed them to be anomalies of early life on the basis 
of an extra diverticulum from the duodenum Glinskd" hypothesized failure 
of coalescence of one or more anlages of the pancreas in cases of accessory 
pancreatic tissue in the duodenum Warthin^® believed that lateral budding 
of the rudimentary pancreatic ducts occurred as they passed through the duo- 
denal ^^all Obviously these theories do not explain the occurrence of such 
aberrant tissue in remote sites such as the lower intestinal tract Horgan^® 
suggested the possibility that branching buds of the pancreatic anlage came 
into contact with remote sites and became engrafted Lauche^® reserved the 
term adeiiomyoma for heterotopias whose differentiation was not towaid 
the pancreatic tissue type King and MacCallum-® explained the genesis of 
accessory pancreatic tissue in the stomacli W'all on the basis of a post- 
inflammatory sequela, following a study of four cases, all over 45 years of 
age, which cases presented demonstrable associated chronic inflammatory 
changes, apparent development by differentiation from gastric mucosa under 
inflammatory stimuli and direct connection of the glandular structure with 
atypical gastric mucosa King and MacCallum^® believed that the close 
association of the glands with smooth muscle and the failure to demonstrate 
any relation of the associated duct-like structures with the surface were 
factors against the cell rest theory of Cohnheiin Clarke^^ advocated that 
such localized tumors of the gastro-enteric tract of epithelial and smooth 
muscle composition, regardless of their relative proportions and the degree 
of structural differentiation, be regarded as inyo-epithelial hamartomata He 
saw no purpose in endeavoring to classify such occurrences, manifesting such 
broad structural differentiation, as to the type of tissue most closely simulated 
in the particular instance of this group He believed that the mechanism of 
formation was on the basis of misplaced epithelium occurring during the 
stage of embryonal development of the tract, and that the smooth muscle 
w'as independent of the muscle of the intestinal ivall but possibly derived 
from the lattei in response to stimuli provided by misplaced epithelium 
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The variation in the structural arrangement of the epithelium, ranging fiom 
undifferentiated duct type epithelium lining spaces to more specialized gland- 
ular formation embracing pancreatic and Brunner’s-type acini oi mixtures 
of these elements should be regarded as reflecting degree of differentiation, 
rather than dissimilar origin 

We are in accord with Claike’s viewpoint and believe that the tumoi in 
this case is best classified as a myo-epithehal hamartoma 

SUMMARY 

1 A tumor-hke foimation composed of epithehal-lmed ducts and cystic 
spaces in intimate association with smooth muscle, of developmental origin, 
associated with intussusception m an infant, is leported 

2 Justification foi classification of the lesion as a myo-epithehal hamar- 
toma IS offered 
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A STUDY OF THE BACTERIOLOGY OF THE COMMON BILE DUCT 
IN COMPARISON WITH THE OTHER EXTRAHEPATIC 
SEGMENTS OF THE BILL\RY TRACT 
Gerardo Elkeles, M D , 

AND 

Prof P L Mirizzi, MD 

CoRDOllA, Argextina 

Previous studies of the bacteriology of the biliary tract have been re- 
stricted to investigations of the wall of the gallbladder and its contents^ 
the legional nodes, and the duodenum We can find no systematic study in 
the literature of the bacteriology of this region which has included the common 
bile duct of the same patients in whom the other portions were studied 
The following technic vas employed m obtaining material for this study 
Common duct bile was removed through the wall of the duct only in cases 
m which choledochotoni)'’ was to be perfoimed In the majority of cases 
it was obtained by introducing a cannula with an olive-shaped tip through 
the stump of the cystic duct One or two cubic centimeter-specimens of 
common duct bile weie then aspirated This procedure has the advantage 
that it eliminates the possibility of damaging the wall of the common duct 
However, it has the disadvantage of contaminating the common duct bile 
from the cystic duct That this actually occurred in exceptional instances 
will be referred to later (Series III) As such contamination occurred 
rarely, we persisted m the use of this technic In those instances in which 
the valves of Heister offered marked resistance to the passage of the cannula, 
the attempt to pass it was given up, in accoi dance with the principle of 
pumwn non noceie For this reason, specimens of common duct bile were 
obtained in only 75 of 138 cases studied 

In addition to the common duct bile, specimens were obtained fiom the 
gallbladder and from the duodenum in all cases, as was a piece of the wall 
of the gallbladder Whenever a sediment was obtained from the material, 
stained microscopic smears were prepared and cultures made on agai and 
in broth Large quantities of broth were used in order to prevent any 
possible bactericidal action by the substrate on the bacteria being sought 
The specimens from the wall of the gallbladder weie taken from the fundus, 
passed through alcohol, and flamed several times They were then triturated 
and placed in broth Care was taken to prevent contamination Aerobic 
gram-positive spore-forming bacteria fiequentty grew out As yet, it has 
not been possible to judge exactly the origin and importance of these bacteria 
In general, they did not appear in cultures of the gallbladder wall containing 
pathogenic bacteiia, such as B coh, streptococcus, and B typhi For the 
present, we are assuming that these organisms were contaminants 

The cystic lymph node was examined m several cases In most instances 
It proved to be sterile and for this reason routine study of the node was 
discontinued 
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All cultures were incubated for three days The more extensive hac- 
tenologic technics were not employed because the object of the study was 
not to gam more knowledge of the bacteria causing inflammation of the 
biliary tract, but rather to make a comparative bactenologic study of the 
extrahepatic segments of the biliary tract, and particularly of the bactei lology 
of the common bile duct m comparison with that of the other segments Table 
I gives a general orientation on the results obtained from the bactenologic 
studies The floia of the common bile duct, m comparison ^\lth that of the 
other segments, is emphasized m the table by the numerical occurrence of 
the different possibilities The significance of the relationships shoun in the 
table are then discussed m the same order in which they are presented 
Series I — In this group, not only was the culture of the common duct 
bile negative, but also the cultures of the gallbladder bile, the gallbladdei w^all, 
and the duodenal contents, were sterile There w^as 25 such cases Tw^enty 
of these cases were instances of uncomplicated chionic calculous chole- 
cystitis, atrophic sclerosing cholecystitis, or hydrops of the gallbladdei Three 
were cases of uncomplicated hydrops of the gallbladder, with stones One 
case (No 88) had a calculus lodged in the papilla of Vater, m addition to a 
chronic calculous cholecystitis, and the remaining case was that of a patient 
who was operated upon for adhesions following a pievious cholecystectomy 
It is evident, therefore, that 23 of the 25 cases of general sterility are cases 
of uncomplicated gallbladdei disease, such as chronic calculous cholecystitis, 
or hydrops of the gallbladder In Case No 88, in w'hich there w^as a calculus 
in the papilla of Vater, the common duct bile was sterile and of normal 
appearance, as were the othei samples The cases compiising Series IV 
show that in all cases of common duct stone thei e is bactei lal infection of the 
common duct bile, with some change in its appeal ance The fact that theie 
was no infection of the choledocal bile in Case No 88 seems to indicate that 
the passage of the calculus from the gallbladder toward the duodenum had 
occurred so recently that functional or organic alterations had not as yet 
been produced by the calculus 

Table I 

COMPARATIVE RESULTS OF BACTEKIOLOGIC EA-AMINATIONS OF BII E FROM THE COMMON BILE DUCT WALl AN® 
CONTENTS or THE GALLBLADDER AND DUODENAL JUICE TOTAL NUm'bFR OF CASES EXAMINED 75 

Choledocal Bile 

iDtlhoul Bacteria — 41 cases Choledocal Bile Jitlh Bacteria — 34 cases 

The other cul- The other cul- The other cul- 
tures ( — ) — 25 tures (-h) — 16 lures ( — ) — 0 The other cultures ( -f) — 34 

Without Iithiasis With hthiasis of 
of the common the common bile 
bile duct — 18 duct — 16 

Reference in course of the artic’e 

Scries I Series II Senes III Series IV 

Key Sign minus ( — ") ~ without bacteria 
Sign plus ( -j-) = ici III bacteria 

Senes II — In the cases m this senes the common duct bile was sterile 
whcieas the other samples, namely, the wall and bile of the gallbladder and 
the duodenal juice, weie contaminated b} bacteria There were i6 such cases 
which are described in detail in Table II Befoie analyzing the data in this 
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table, it IS advisable to make a rough comparison of the data in Series II, 
III, and IV as they appear in Tables II, III, and IV When this is done, a 
remarkable irregularity of the bacteriologic findings in Table II ^\lll be noted 
If the two cases of choledocal lithiasis (Nos 45 ^nd 32) are excluded, there 
remain only two cases (Nos 8 and in) in which the bacterial flora was the 
same in the three different specimens (gallbladder bile, gallbladder nail, and 
duodenal juice) In contrast to this, the flora n^as the same in most of the 


Table II 

CHOI EDOCAL BILE ( — ) CULTURES OF OTHER STRUCTURES OF THE EILI 1R\ 

SISTEM (+) — TOTAL NUMBER OF CASES 16 

Series II 


No 
of the 

Case Operative Diagnosis 

W 

G 

D 

Macroscopic 
Alterations 
of Choledocal 
Bile 

56 Chronic calculous cholecystitis 

Cn 

_ 

Enterococ &. 
Slaphylo alb 

0 

84 Chronic calculous cholecystitis 

Cn 

Agar broth 
Cn 

Agar broth 
Enterococ 
and yeasts 

0 

85 Chronic calculous cholecystitis 

Cn 

Cn 

Associated bac» 

0 

122 Chronic calculous cholecystitis 

Cn 

B pyocyaneus 

1 

0 

111 Sclerosing atrophic calculous cholecystitis Coliform bact 

Coliform bact 

Coliform bact 


8 Sclerosing atrophic calculous cholecystitis 

Associated 

Associated 

Associated 


Cysticoduodenal fistula 

bact flora 

bact flora 

bact flora 

0 

87 Suppurative cholecystitis 

— 

Enterococ 

B coll 

® 

14 Calculous empyema of gallbladder 

Cn 

Staphylococ 

- - , 

B colt and 
staphylococ 

0 

A Calculous empyema of gallbladder 

Cn Enterococ 

— 

— 

/ 

SO Hydrops of calculous gallbladder, peri- 
cholecystitis and chronic appendicitis 

Enterococ 




® 

57 Hydrops of calculous gallbladder and 
appendicular peritonitis 

B colt 


— 

0 

50 Chronic calculous cholecystitis and 
dyskinesia 

■ - 

Gram pos 
cocct Cn^ 

Staphylococ 
and Sarc 

• 

20 Chronic calculous cholecystitis, stenosing 
odditis and angiocholitis’ ’ 

Cn Streptococ 



/ 

• 

56 Stenosing odditis, pancreatic stricture 

/ 

/ 

Staphylococ 

Enterococ 

0 

45 Chronic calculous cholecystitis and 
choledocal lithiasis 

B colt 

B colt 

B coh 

0 


32 Calculous empyema of gallbladder, solitary 
secondary choledocal lithiasis 


B colt 


B colt 


o 


B coU 

Key Cn = contamination, / = not examined, (—)= without bacterm, (+)= ".ith bacteria, O = «ith 

out macroscopic alteration, ® = slight macroscopic alterations, # = acute macroscopic alterations, 
W = wall of gallbladder, G = bile of gallbladder, C = choledocal bile, and D = juice of duodenum 


cases in Series III and IV Furthermore, in the cases in Senes II the bacteria 
of moderate virulence were predominant and bacterial contamination was 
frequent It is quite probable that many of the bacteria identified were not 
the active causal agent of the disease and that these cases really belonged in 
the first series m which the bile of the common duct and of the other parts 
of the extrahepatic biliary system was sterile In three cases (Nos 20, 30 
and 36) the choledocal bile was sterile m the presence of stenosing odditis 
or dyskinesia which were verified by cholangiography during operation 
Thus, It seems that bile stagnation does not necessarily gne rise to infec- 
tion of the choledocal bile, not e%en in cases where microscopic alterations 
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of the bile exist (Nos 20 and 30) In this series there i\ere two cases (Nos 
32 and 45 ) in which the choledocal bile w^as sterile and of normal appearance 
in the presence of calculi It is probable that the sterility of the choledocal 
bile in these two cases could be explained in the same w^ay as in Case No 88 
in Series I The fact that the common duct bile was sterile 111 these cases 
in which cultures of the wall and bile of the gallbladder and of the duodenal 

Table III 

CHOLEDOCAL BIILE ( +) CULTURES OE OTHER STRUCTURES OF THE BILIART ST STEM (+) 

COMMON BILE DUCT WITHOUT CALCULI Total number of cases 18 

Series III 


No 
of the 

Case Operative Diagnosis 

W 

G 

c 

D 

Macroscopic 
Alterations 
of Choledocal 
Bile 

16 Chronic calculous cholecystitis 

B Proteus 

B Proteus 

B Proteus 

B Proteus 


19 Chronic calculous cholecystitis 

B coll 

B colt 

B colt 

B coll 

® 

27 Chronic calculous cholecystitis 

B typln 

B typln 

2 colonies of 
B typln 

B lypht 

o 

100 Chronic calculous cholecystitis 

Enterococ 

Enterococ 

A.gar broth 
Enterococ 

Enterococ 

0 

108 Chronic calculous cholecystitis 

B colt 

B colt 

2 colonies of 
B coll 

B colt 

o 

116 Chronic calculous cho'ecystitis 

Streptococ 

Streptococ 

3 colonies of 
streptococ 

Streptococ 

o 

113 Sclerosing, atrophic calculous 
cholecystitis 

Cn 

B colt 

Ac,ar broth 

B colt 

B colt 

o 

129 Sclerosing atrophic calculous 
cholecystitis 

Cn 

Enterococ 

Enterococ 

2 colonics of 
enterococ 

Enterococ 

® 

72 Sclerosing atrophic calculous 

B 

B 

Isolated 
colonies of B 

B 

0 

cholecystitis Empyema 

pyocyaneotis 

pyocyaneotis 

pyocyaneotis 

pyocyaneotis 

79 Chronic cholecystitis without 
concretions 

B colt 

B colt 

B coll 

(small number) 

B celt 

® 

66 Chronic calculous cholecystitis and 

pericholecystitis 

B typln 

b tiphi 

B typln 

B Ivpin 

® 

11 Chronic cholecystitis, without con- 

cretions and pericholecystitis 

Cn 

Enterococ 

Enterococ 

Enterococ 

• 

114 Chronic cholecystitis, without con- 

cretions and pericholecystitis 

B coll 

B colt 

B colt 

B coll 

• 

120 Sclerosing atrophic cholecystitis 

without concretions, hepatitis 
and appendicitis 

1 

Agar broth 
B coll 

B coll 

/ 

• 

102 Chronic calculous cholecystitis, 
dyskinesia 

Staphylococ 

Streptococ 
B colt 

B colt 

B colt 

o 

92 Chronic calculous cholecystitis, 

stenosing odditis 

/ 

1 

Enterococ 

1 

u 

63 Sclerosing atrophic cholecystitis 
without concretions and stenos- 

ing pancreatitis 

Enterococ 

Enterococ 

Enterococ 

Enterococ 

® 

73 Hydrops of calculous gallbladder 
and stenosing pancreatitis 

Staphj lococ 



Agar broth 
Staphi lococ 

^gar brotli 
Staphj lococ 

® 

Kc> See those appended to Table II 


juice contained pathogenic bacteria of identical species tends to show the 
strong bactericidal pow'er of the choledocal bile, which ma> be sterile in the 
piesence of infection m all the other extrahepatic segments of the biliary tract 
Series III — The i8 cases in this series yielded si>ecimens which were 
infected m everj instance In none of the cases however, were there stones 
in the common duct The uniformiU of the bactenologic results in the 
diftcient parts of the biliary system m che third and fourth senes is sig- 
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nificant and tendb to verify the etiologic role of the identihed bacteria in the 
development of the pathologic process There are, howevei, certain quanti- 
tative bacterial differences between the choledocal bile and the other speci- 
mens which do not exist in the cases of the first and second senes They 
are of significance especially because they were seen only in uncomplicated 
processes m the gallbladder, generally associated with sterility of the chole- 
docal bile Cases 27, 100, 108, 113, 116 and 129 are of particular interest 
in this regard and Cases 72 and 79 may also be considered A heavy layer 
of bacteria grew on agar cultures of the wall and bile of the gallbladder and 
of the duodenal juice, whereas only isolated colonies of bacteria developed 
m cultures of the choledocal bile prepared with the same amqunt of material 
as that used in the other cultures We believe that contamination of the 
choledocal bile, rather than actual infection would give a plausible explanation 
for the scantiness of the growth in these cultures The growth probably 
occurred because some of the large number of bacteria which were present 
in other parts of the biliary system were introduced into the common duct bile 
at the time the cannula was passed through the stump of the cystic duct 
Further support is given to this interpretation by the fact that the choledocal 
bile had a normal microscopic appearance m six of the eight cases of this 
nature in Series III, whereas it was more or less altered in six of the eight 
complicated cases (Nos 63, 66, 73, 102, 114 and 120) in the same senes 
There was organic or functional stagnation in four of these cases (Nos 63, 
73, 92 and 102) These cases were complicated by dyskinesia, stenosing 
odditis and stenosing pancreatitis Infection was present in these cases, 
and the macroscopic appearance of the common duct bile was normal in 
Cases 92 and 102 and altered in Cases 63 and 72 

Senes IV — This series comprised 16 cases with infection of the common 
duct bile, accompanied by common duct stones The wall and bile of the gall- 
bladder and the duodenal juice were infected Details are presented m 
Table IV The bile of the common duct was infected in all cases with 
choledocal Iithiasis, except Case No 88 of the first series, in which the 
calculus was lodged in the papilla of Vater and in Cases No 32 and 45 of 
the second series In the 16 cases in the fourth senes with common duct 
stones, the bacteiia were of the same type as that identified in the wall and 
bile of the gallbladder and m the duodenal juice This is taken as evidence 
that the bacteria recovered had an etiologic lole in the development of the 
infection The clinical records show that the macroscopic appearance of the 
common duct bile was more or less altered in all the cases of this series 

Previous investigations, by various authors, have shown that suppuration 
within the gallbladder frequently results in autosterilization of the gallbladder 
contents This may occur especially in cases of inflammatory edema at the 
neck of the gallbladder, which causes occlusion The fact that bacterial 
infection of the vascular bile existed previously can often be concluded from 
stained preparations, which show bacterial rests within a large number of 
cells Even when the stained preparations show bacteria with well preset ved 
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TABLr IV 

CHOI rnocAL bilf (+) culturhs of other structures or bii r (4) 


CALCULI IN THF COMMON BILE DUCT Total number of CTSCS 16 


No 

ot 

the 

Serifs IV 



Macroscopic 
Mtcrations of 
Choledocal 

Case Opcntite Diagnosis 

133 Chronic calculous cholecystitis, 

W 

G 

C 

B colt 
Enterococ 
Saprophyt 

D 

Bile 

choledocal lithiasis 

95 Chronic calculous cholecystitis, 

Cn 

/ 

bact 

/ 

• 

choledocal lithiasis 

/ 

/ 

B colt 

/ 

(S' 

22 Chronic calculous cholecystitis, 

B coll 

B colt 

B coll 

B coll 


multiple secondary lithiasis 

52 Sclerosing atrophic chronic cal- 
culous cholecystitis, solitary 
choledocal Itthiasis, chronic ap- 

Enterococ 

Enterococ 

Enterococ 

Agar broth 

Enterococ 

S' 

pendicitis 

13 Sclerosing, atrophic chronic cal- 
culous cholecystitis, multiple 

Enterococ 

Enterococ 

Enterococ 


® 

choledocal lithiasis 

77 Sclerosing atrophic, chronic chole- 
cystitis without concretions, soli- 

/ 

B colt 
Agar broth 
48 hours 

B colt 

B coll 


tary choledocal lithiasis 

51 Sclerosing atrophic cholecystitis, 

/ 

B coll 

B cult 

1 

• 

multiple clioledocal lithiasis 

128 Chronic calculous cholecystitis, 
multiple secondary choledocal 

/ 

B colt 

B colt 

B coll 

• 

lithiasis 

93 Chronic calculous cholecystitis, 
choledocal lithiasis, stenosing 

B colt 

B colt 

B colt 
Isolated 
colonies of 

B coll 


odditis 

101 Chronic calculous cholecystitis, 
choledocal lithiasis, stenosing 

B coll 

B eon 

B coll 

B coll 

® 

odditis 

90 Chronic calculous cholecystitis, 
choledocal lithiasis, stenosing 

Cn 

B colt 
Isloaicd 
colonies of 

B coll 

B colt 

/ 

pancreatitis 

130 Chronic calculous cholecystitis, 
choledocal lithiasis, stenosing 

/ 

B colt 

B colt 

B colt 

• 

pancreatitis 

48 Chronic calculous cholecystitis. 

/ 

t 

Streptococ 

1 

• 

multiple secondary choledocal 

B coll 

B colt 

B coll 

B colt 


lithiasis, stenosing odditis 

39 Perforated calculous cholecystitis. 

Enterococ 

Enterococ 

Enterococ 

Enterococ 

Enterococ 
IsolTted 
colonics of 

• 

secondary choledocal lithiasis 

Staphylococ 

— 

Enterococ 

enterococ 


81 Chronic calculous cholecystitis, soli- 

B colt 

B colt 

B coll 

B coll 


tary calculous of hepTtic duct 

S7 Multiple choledocal lithiasis with 
recurrences after cholecystectomy 

Enterococ 

Enterococ 

Enterococ 

B coll 

Enterococ 

B colt 

® 

and choledocotomy 

Kc> See those appended to Table II 

/ 

/ 

Enterococ 

Enterococ 

• 


Staining properties, the cultures frequently remain sterile, whereas in other 
parts of the biliary system, bacteria of the same type may be recovered 
Illustrations of this type of autosterihzation, either partial or complete, oc- 
cuiied in Cases No 39, 77. and 90 of the fourth series, m Cases No 73. and 
120 of the third series, and m Cases No 14 and 20 in the second series 
Quantitative differences between bacteria in the common bile duct and 
in other parts of the biliaiy system were obser^ed infrequenth in the presence 
of choledocal calculi (Cases No 52 and 93) 
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CONCLUSIONS 

1 Choledocal bile is sterile in a large number ot patients with disease 
of the extrahepatic bile ducts In our operative material this occurred in 
41 of 75 cases, or 54 7 per cent If a correction is made for cases in which 
bacterial contamination was probable, the figure would be 64 per cent 

2 Sterility of the choledocal bile is especially frequent in cases of un- 
complicated chrome calculous cholecystitis and atrophic sclerosing chole- 
cystitis and was observed in 25 to 34 such cases, or 73 5 per cent Since 
the possibility of contamination could not be excluded 111 seven of the ten 
remaining cases of uncomplicated cholecystitis in the third series, the fre- 
quency of sterile common duct bile in such cases may be about 91 per cent 
The results were similar in cases of emp3'ema, or hydrops of the gallbladder, 
when the gallbladder was the only organ involved by the disease On the 
otner hand, the choledocal bile was frequently infected when there were com- 
plications, either of an organic nature, such as pericholecystitis, hepatitis, 
odditis, or of a functional nature, such as dyskinesia 

3 Stagnation of the choledocal bile, resulting from dyskinesia, or steii- 
osing odditis, in the absence of stone, resulted in infection of the common duct 
bile in four of seven cases In the remaining three cases actual infection 
was not observed, although macroscopic alterations of the choledocal bile 
existed 

4 Stones in the common duct were the most frequent cause of infection 
of the choledocal bile Infection occurred in 16 of 18 cases of choledocal 
hthiasis, or 88 8 per cent In the tw'O remaining cases, the choledocal bile 
did not contain bactei la and had a normal macroscopic appearance It seemed 
probable that in these tw'O cases the calculus found during the operation 
in the common duct ivas migrating from the gallbladder to the duodenum 
Probably, it is only under these circumstances that the choledocal bile maj' 
be sterile in the presence of common duct stones The predominant bacteria 
m the various parts of the biliary s^'^stem Avere B colt, which occurred 7 ^ 
times, and sti eptococcus, wdiich occurred 49 times Other bacteria recovered 
cvere B typhi (eight times), B pyocyancus (four times), and staphylococcus, 
saprophytes, and associated bacteria (13 times) 

5 Bacterial infection of the common duct is always associated w'lth in- 
fection of the othei parts of the biliar}' system and the bacteria found are 
generally of the same species 

6 The choledocal bile appears to have strong bactericidal power This 
finding is striking and of great practical importance 

We hope that similar bactenologic studies wall be undertaken in other 

clinics 

The operative material was obtained m the Clinical Ward of the Surgical Clinic, 
of the Faculty of Medicine, of the Universidad Nacional de Cordoba, Argentina, of 
whicn Prof Pablo L Mirizzi is the head The bactenologic researches were made 
in the Bactenologic Laboratory, of the Chair of Pediatrics, of Prof Jose M al es, 
of which the author is the head 

The details of the technic appear on page 177 of Vol 5 of Actas j trabajos o e 
Si\th National Congress of Medicine, which was held m Cordoba, October i 21, I 93 
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REPORT OF TWENTY-NINE CASES 

R Starr Lampson, M D 

Hartfoih), Conk 

FROM THI lURTrORD HOSPITAL, IIARTI OKI) CONN 

Acute pancreapitis is a bizarre disease difficult to dia^^nose, and cas\ 
to confuse with any othei of the many acute intra-abdominal conditions In 
its severest form it is a serious and not infrequently fatal ailment The first 
accuiate description and piesentation of acute pancreatitis as a clinical entit} 
was given by Reginald Fitz/ m 1889, when he published a repoit of 15 cases 
Only two of these patients recovered Fitz clearly described the hemonhagic 
destruction of the pancieas and the associated fat necrosis, and felt that it 
was due to a gastro-enteiitis extending up the panel eatic duct Opie- 
demonstiated, m 1901, that retrogiade injection of the pancreatic duct with 
bile produced a fatal pancreatitis m dogs An important contribution was 
made by Wohlgemuth/ m 1910, w'hen he reported that m irritative conditions 
of the pancreas, the pancreatic ferments can be demonstrated in increased 
amounts m the urine and blood In 1934, Mikkelsen'* piesented a series 
of cases, with a mortality of 7 5 pei cent by the conservative treatment of 
pancreatitis This w^as such a low^ moitahty as compared wuth the then 
recognized mortality of 40 to 50 per cent'* that his figures were looked upon 
with skepticism Mikkelsen used the diastase test as the mam criterion for 
diagnosis and, theiefore, included mildei cases in w'hich the diagnosis 
otherwise might never have been made Since this stimulating w'ork, several 
papers*”’’ have been published which tend to confirm his con- 
tentions and to substantiate his principles of conservative management of 
patients wuth acute panel eatitis 

The data which is heiewith presented repiesents the results of oui stud) 
of this subject on the Surgical Services and m the Hall Wilson Laboiator) 
of the Haitfoid Hospital, fiom Septembei i, 1938, to December 31, 1941 
Material — The clinical material has been taken fiom the private and 
ward surgical sei vices, and includes patients in w’hom the diagnosis has been 
made by operation, autopsy, or clinical evidence associated with an ele\atcd 
uiinary diastase We have used the method of diastase determination 
desciibed by Foged^- and have found it very satisfactory Foged’s diastase 
determination depends upon the h) drolization of starch by measured dilutions 
of urine The mixture is incubated and then iodine is added to determine the 
starch free tubes The diastase activit) is expressed 111 units of which one 
unit is arbitranl) taken to be the amount of diastase necessar) to Indrolize 
I cc of o I pel cent staich solution under standard conditions Xormal 
urine shows a diastase actuit) of less than 300 units \ finding abo\e this 
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IS abnormal and indicates an acute irutative pancieatic piocess We have 
observed no proven false positives as every case operated upon in the acute 
stage of the disease, on \\Iiom the test has been made early, has shown an 
elevated diastase It should be emphasized that the test must be made early 
m the disease, and fresh urine should be used (Chait I) as the activity of 


,Z700 



Chart i 

the enzyme deteriorates on standing We have used the urine rather than 
the blood because it is simplei to obtain, requires less manipulation in the 
laboratory, and we feel gives accurate results 

Symptoms and Findings — In a little over three years, there were 29 
patients seen m the Hartford Hospital with acute pancreatitis The severity 
of the illness varied from a rather mild abdominal upset to an overwhelming 
and sometimes fatal illness The onset was usually abrupt with upper ab- 
dominal pain accompanied by nausea with vomiting The pain often radiated 
to the back Jaundice sometimes was present The physical findings varied 
in degree but consisted chiefly of upper abdominal tenderness and spasm 
High epigastric tenderness was present in man}'’ cases and not infrequently. 
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left flank tenderness The initial temperature ranged from 99° to 103“' F 
and the pulse from 60 to 160 The leukocyte count ^\as o^er 15.000 111 
nine patients and above 10,000 in 19 patients The urine anahsis is ot 
special interest, as 16 out of the 29 showed two plus and thiee plus albumin 
a finding which is not generally emphasized and which undoubtedl} reflects 
the severity of the disease Gallstones w'ere present in 14 surgical patients 
and theie was roentgenographic evidence of their presence in tw'o not operated 
upon, making a total of 55 pei cent In nine, the gallbladdei was normal 
at operation 01 roentgenogi aphicall} , wdiile m foui patients there w'as no 
data given The patients langed in age from 23 to 79 yeais, wMth an average 
age of 49 There were 21 women and eight men Table I shows the in- 

cidence of the various symptoms and findings 


Table I 

SUMMARY or CHIEF SYMPTOMS AND FINDINGS 


1 Duration of symptoms 24 hours or less 19 

2 Nausea and vomiting 18 

3 Temperature 101° F , or over 18 

4 Urine albumin two plus or over 1 6 

5 Gallstones present 16 

6 Leukocyte count over 15,000 9 

7 Icteric index over IS 7 


Diagnosis — The diagnosis of pancieatitis has been made m the acute 
siiigical patients by the finding of wine-coloied fluid oi fat neciosis in the 
presence of a thickened pancreas In the patients not subjected to opeiation 
the diagnosis has been i cached by the clinical manifestations and the finding 
of a urinary diastase of 300 01 moie Foged units The test has been accurate 
m our experience, and m the cases where eai ly opei ation has been performed 
we have had no patients with a positne test m whom there has not been 
evidence of pancreatitis In the patients operated upon one or two wrecks 
after the onset, the process had legressed so that gross pathologic evidence 
of pancieatitis w^as not present In the group of patients undergoing 
delayed opeiations, some as long as 16 dajs from the acute onset, the 
diagnosis has been made b}’’ the same ciitena used in the nonoperative cases 
The thiee delayed cases, operated upon from four to eight days from the 
onset of then illness, show'ed wine-colored fluid or fat necrosis while the 
seven cases operated upon fiom nine to 16 days after the onset had neither 
fluid nor fat necrosis 

Cases of elevated diastase have been leported in patients with peptic 
ulcers wdiich penetiate into the pancreas® and in mumps” pancreatitis No 
cases of this type weie obseiied in this senes 

Ticaimcnt — The method of treatment dnided itself into thiee distinct 
gi Clips of cases i Those haring immediate opeiation 2 Tho‘^e haring a 
delayed opeiation 3 Those haring no opeiation Nine patients rreie oper- 
ated upon as an emergencr piocedure rnthm the first 72 hours of the diNcace 
ten rrere operated upon later from the fourth to idth dar of their illness 
and ten had no opeiation There rrere four deaths 111 the entire group 
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giving a gross mortality of 14 per cent Three of these deaths occurred in 
the patients who were subjected to immediate operation, giving a mortality 
of 33 PCi cent foi that gioup The fourth death was in the nonoperative 
gioup, and occurred in a diabetic patient who died 111 uncontrollable dia- 
betic coma, and at autopsy was found, to everyone’s complete surprise, to 
have a fulminating pancreatitis 7n the nine cases of immediate operation 
the correct diagnosis was not made before operation, and the following pre- 
operative diagnoses w^ere given Acute cholecystitis, 4, perforated peptic 
ulcer, 2 , chronic cholecystitis, i , twisted ovarian cyst, 1 , and acute appendi- 
citis, I In the patients operated upon later, the preoperative diagnosis of 
acute pancreatitis was made once, and substantiated by finding fat necrosis, 
m the remaining cases the diagnoses w^ere either acute or chronic cholecystitis, 
which were correct, as in most instances the pancreatitis had subsided at the 
time of operation 

The severit}’’ of the disease is a most important factor in the outcome of 
the patient and, m order to evaluate our operative and nonoperative results 
more accurately, an attempt was made to group the cases into the classifica- 
tions “severe ’ 01 “mild ” Patients who had three out of four of the follow^- 
ing findings were considered severe A temperature over 101°F , a pulse 
about 100, a leukocyte count over 10,000, and a urine showing tw^o plus 
albumin or greater Those not having three of the above findings were 
classed as mild In the immediate operative group, five were severe, in the 
delayed gioup, four w'ere severe, and in the nonoperative group, four were 
severe , so that, in all, 41 per cent of the cases w^ere severe Tables II, III, 
and IV show the classification data, the diastase level, and the type of 
operation performed 

Complications — Theie were two cases of pancreatic cysts in this group 
One was m a nonoperative patient, and reached the size of a small 
grapefruit in the left upper abdomen, and then spontaneously subsided 
The other patient returned to be operated upon five months after her 
initial attack, the cyst w^as marsupialized, and she made a satisfactory re- 
covery There was one case of lesidual intra-abdominal sepsis which 
finally drained through m the original drainage wound One patient 
had two attacks of pancreatitis and finally, on a third admission, chole- 
cystotoniy was performed during a quiescent period of his disease 

Discussion — There is no doubt that progress has been made in the 
diagnosis and in the treatment of acute pancreatitis It is becoming more 
and more evident that hasty operative intervention in the very acute phase 
of the disease is a hazardous procedure The evidence at hand of a 
33 per cent mortality in the immediate operative group, and a 5 per 
cent mortality in combined nonoperative and delayed operative groups 
should make the surgeon deliberate carefully before contemplating celiotomy 
in acute pancreatitis The diastase test is of invaluable assistance in arriv- 
ing at a diagnosis If operation is necessary it is best undertaken during 
the less severe phase of the disease, for the drainage of residual abscess 
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Table; II 


OPER\TIONS \\ITHIN 72 HOURS FROM ONSET OF SYMPTOMS 
Recovered 6 — Died 3 

Urine Duration 


History 

Number 

Age 

Temperature 
101° F Plus 

Pulse 
100 Plus 

W B C 
10,000 

Albumin 
2— Plus 

Diastase 

Units 

before 

Operation 

Operation 

Result 

412-968 

72 

101 

100 

SEVERE 
Not made 2 plus 

380 

2 hours 

Drain to pancreas 


389-017 

48 

103 

100 

27,000 

1 plus 

600 

12 hours 

Cholecystostomy 


357-761 

57 

101 

120 

34,000 

3 plus 

Not made 

24 hours 

Cholecvstostomj 

Died 

386-499 

38 

101 

100 

15,900 

2 plus 

570 

72 hours 

Drain to pancreas 
Abdomen drained 

Died 

365-156 

51 

103 

160 

15,800 

2 plus 

1020 

24 hours 

Drain to pancreas 

Died 

387-952 

44 

98 6 

80 

31 000 

MILD 

2 plus 

240* 

6 hours 

Cholecystectomy 


371-566 

41 

101 

90 

19,950 

0 

540 

48 hours 

Cholecystectomy 


375-098 

52 

102 

80 

19,000 

1 plus 

120* 

24 hours 

Appendicectomy 


374-403 

S3 

98 

100 

Not made 

2 plus 

Not made 

6 hours 

Cholecy stectomy 



*Test made si\ days postoperative 

Note Fat necrosis or \\ine colored ascitic fluid was found at operation in all of the above cases 


Table III 

OPERATIONS AFTER 72 HOURS FROM ONSET OF Sl'MPTOMS 
Recoveied 10 — Died 0 


History 

Number 

Age 

Temperature 
101° F Plus 

Pulse 
100 Plus 

W B C 
10,000 

Urine 

Albumin Diastase 
2 — Plus Units 

Duration 

before 

Operation 

Operation 

416-448 

61 

101 

100 

SEVERE 

8,500 

2 plus 

540 

8 days 

Cholecystectomy 

393-054 

27 

102 

120 

10,500 

3 plus 

2 400 

4 days 

Cholecystectomy 

387-537 

23 

101 

100 

20,200 

2 plus 

600 

8 days 

Cholecystectomy 

364-896 

47 

102 

100 

14 200 

2 plus 

1,020 

9 days 

Cholecystectomy 

372-379 

39 

103 

110 

MILD 

5,400 

1 plus 

960 

16 days 

Cholecystectomy 

360 675 

57 

99 

70 

11 900 

1 plus 

120* 

4 days 

Choledochostomv 
Dram to pancreas 

414-522 

79 

100 

90 

13 500 

2 plus 

300 

15 days 

Cholecystostomy 

418 868 

23 

100 

100 

11,500 

1 plus 

2,400 

16 days 

Cholecystectomy 

387-386 

60 

100 

80 

9 300 

1 plus 

1 275 

4 days 

Cholecystostomy 

383-329 

44 

101 

90 

5 600 

1 plus 

1,020 

11 days 

Cholecystectomy 


Choledochostomj 


■*Test made ten dajs postoperative Fat necrosis found at operation 

Table IV 

NONOPERATIVE C4SES 
Recovered p — Dted j 

Lrine 


History 


Temperature 

Pulse 

W B C 

Albumin 

Diastase 

Duration 

Number 

Age 

101° F Plus 

100 Plus 10,000 

SEA^ERE 

2 — Plus 

Units 

before Entry 

381-998 

59 

103 

100 

19 000 

1 plus 

480 

10 hours 

423 159 

57 

102 

100 

not made 

2 plus 

540 

11 days postop t 

406 412/ ^ 

399 186^ 

58 

101 

100 

11 300 

0 

2640 

5 hours 

359-529t 

54 

100 5 

110 not made 

MILD 

2 plus 

not made not given 

412-433 

60 

100 

70 

12 800 

2 plus 

1020 

5 days 

397-891 

62 

100 

120 

8,400 

3 plus 

2100 

24 hours 

415-089 

36 

101 

120 

9 300 

1 plus 

2250 

48 hours 

363 601 

23 

102 

86 

10 300 

0 

630 

24 hours 

371-825 

40 

99 

90 

10 850 

2 plus 

510 

7 days 

399-186 

58 

103 

100 

8 000 

1 plus 

1800 

4 hours 


*Patient had two admissions both for pancreatitis 

fDue to severe diabetes with coma, this patient failed to show the normal sjstemic reactions to her disease 
Diagnosis made at autops> 

JPatient developed an acute pancreatitis during convalescence from cholecj stectomj 
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or cyst The fiequent association ot pancieatitis with cholecystitis often 
leads to later operations upon the gallbladder and bile ducts 

SUMMARY AND CONCLUSION 

1 Twenty-nine cases of acute pancreatitis seen at the Hartford Hos- 
pital, fiom Septembei i, 1938 to December 31, 1941, have been presented 

2 In the cases subjected to immediate operation the mortality was 
33 pel cent 

3 In the patients treated with delayed operation and without opera- 
tion the mortality was five per cent 

4 Conseivative management m cases of acute pancreatitis is 
1 ecommended 
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PULMONARY ABSCESS— A SURGICAL PROBLEM* 


CLASSIFICATION OF CASES AND DISCUSSION OF SURGICAL TREATMENT 

Richmond L Moore, M D 
New York, N Y 

FROM THE DLPARTMKNT OF SURGJ-Rl, COLUMBIV OM\Fn8m, AND THE SURGICAL SERMCL OF THE PRESB\TERIAN 

HOSPITAL, NE\A AORK, N "V 

Pulmonary abscesses aie commonly classified as acute oi chronic, the 
distinction between the two being made solely on the basis of time This 
practice has led to much confusion because the terms, acute and chronic, are 
vague m themselves and because the interval of time chosen to separate the 
two vaiieties of abscess lepiesented by these terms is not always the same 
Confusion is seen especially m the interpretation of statistics which aie sup- 
posed to show the dififeience m the results of tieatment between the so-called 
acute and chionic types My belief that a pathologic classification is of fai 
gieatei value than a clinical one, and that I could show this by analyzing 
the expeiience gained in treating 78 patients, has piompted me to prepare 
this report Fuitheimoie, it has been my feeling foi some time that exact 
pathologic differentiation of pulmonaiy abscess deseived greater emphasis 
because of the satisfactoiy results which are now being obtained by lobectomy 
111 an increasing number of selected cases In this report, my cases have 
been divided into two mam gioups which aie designated uncomplicated and 
com plicated By definition, a case was considei edyuncomplicated when theie 
was only one abscess and this was unassociated with empyema, notable 
fibiosis, bionchiectasis 01 other serious complications When theie weie 
multiple abscesses, empyema 01 pyopneumothorax, notable fibrosis, bronchiec- 
tasis, 01 othei moie laie complications such as suppuiative pencaiditis and 
suppeiative mediastmitis, the cases were classified as complicated 

By miilttple abscesses is meant two 01 more separate and distinct abscesses, or multiple 
cavities, m the same part of a lung which are connected by such small channels that some- 
thing more than a simple unroofing operation was required in order to open them The 
term does not necessarily imply secondary abscesses because occasionally two or more 
abscesses develop simultaneously in diffeient parts of the same lung, or in both lungs 

The empycmata, all pioved by opeiatioii, were recognized as complications of co- 
evisting abscesses only when the clinical or roentgenologic evidence of abscess was un- 
mistakable, or when an abscess was demonstrated at operation or subsequently during the 
postoperative course 

Notable fibiosis was assumed to be present when operation revealed an epithehalized 
cavity with rigid, irregular wall and multiple fistulae (so-called “gittci lunge”) or when 
a cavity with rigid wall was found m a case with or without roentgenologic evidence of 
fibrosis, such as shrinkage or atelectasis of the involved lung, with displacement of the 
mediastinum and fiN-ation of the chest wall 

Bionchiectasis w'as considered to be piesent only w'hen it was demonstrated by bronch- 
ogiaphy or bv direct examination of material lemoved at operation or necropsj" For the 

* Read befoie the Ncw^ York Surgical Society, April 22, 1942 
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sake of simplicity, the patients with more than one complication were classified under 
only one heading, preference being given to the complications present in the following 
order Bronchiectasis, empyema, multiple cavities, and notable fibrosis 

The division of abscesses into uncomplicated and complicated groups on 
the basis of pathology, is contrary to the common practice of classifying 
them as “acute" and “chronic,” on the basis of duration of symptoms Ac- 
cording to this, the usual classification, an acute abscess is one of short dura- 
tion with a wall composed of soft, neciotic tissue, whereas a chronic abscess 
IS one of longer duiation which is sunounded by a dense zone of fibrous 
tissue, with, in most instances, some degree of shrinkage and bronchiectasis 
111 the involved part of the lung The interval of tune which is supposed to 
differentiate the two varieties is arbitrary and varies with different waters 
It IS usually given as six to 12 weeks This clinical differentiation between 
the two varieties of abscess, on the basis of a time factor, puts one in the 
absurd position of having to say that an abscess changes fiom one type to 
the other overnight It also necessitates the selection of a certain day foi 
the beginning of ever}^ abscess, wheieas 111 some instances the history of onset 
IS so vague that it is impossible to deteimine with any accuracy when the 
abscess originated Furthermoie, even ivhen the approximate time of onset 
is known, a time-mteival alone, wdiethei it be six weeks, eight wrecks, or 12 
weeks, is not a lehable ciitenon Theie will always be some abscesses which 
dram poorly and become associated with fibrosis and bronchiectasis befoie 
the elapse of this time and others that drain well and remain uncomplicated 
for a longer period Furthermoie, there are piobably other factors which 
deteimine the development of these complications, such as the type and 
virulence of the infecting agent and the resistance of the patient 

These are my reasons for disliking a clinical classification based on time 
It IS inaccurate On the contrary, a classification based on pathology directs 
attention at once to the complications which are so frequently associated 
with pulmonary abscess and w'hicli have such an impoitant influence on the 
outcome 


BACTERIOLOGY 

In spite of extensive investigation the lelative impoitance of different 
bacteria in the development of pulmonary abscess is still unknowm Clinically, 
however, tw'^o types of lung abscess can be distinguished One of these, w'hich 
is b}'’ far the more common, is associated with a veiy foul odor The othei 
IS not The odor is striking and can usually be lecognized at the bedside, 
w'hen the abscess discharges its contents through a bronchus, or in the operat- 
ing room, when the abscess is opened surgically This foul type of abscess 
IS now generally believed to 1 epresent an anaerobic infection of the lungs, 
caused by oiganisms which aie comnionly found in dirty mouths The 
anaerobes which are thought to be of gieatest importance include the Spir- 
ochaeta and fusiform bacilli of Vincent the Bacterium melaninogeiiicum 
Vibnones and streptococci 
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Some authors, notably Wessler^ and Neuhof,- believe that the odor is 
diagnostic and always represents an anaerobic infection They also believe 
that the lesion piodticed represents a peculiar type of pathology which is 
characterized by mass tissue necrosis, oi gangrene This may be localized 
to a small aiea or spread to involve an entire lobe Such lesions are called 
“gangiene of the lung” by Wessler and, when localized, “putrid lung abscess” 
by Neuhof Both of these authois distinguish them from the more rare 
“second type” of lung abscess which is not fetid and which is found in asso- 
ciation with a ^Mde vaiiety of aeiobic pyogenic bacteria 

In this repoit the fetid and nonfetid varieties of abscess are discussed 
sepal ately because, m spite of the unceitamty as to the causal relationship 
of various bacteria, I also believe that an abscess which is fetid in its early 
stages repiesents an anaerobic infection of the lungs and presents a difterent 
pioblem in theiapy than is piesented by a nonfetid abscess It was consid- 
ered futile to attempt a bacteriologic classification when the exact part played 
by different bacteiia is still uncertain Furthermore, this would have been 
impossible, because complete bacteriologic studies, including daikfield exami- 
nations and anaerobic cultures, were not made in all of the cases, and most 
of the cases were of many months’ standing when they first came under my 
observation Obviously, the bacteria lecovered from an abscess of many 
months’ duiation are not necessaiily the same as those wduch initiated the 
process 

Even though the exact impoitance of anaeiobic bacteria m the develop- 
ment of an abscess has not been established to the satisfaction of all, the 
lesults of the bacteriologic studies made on the patients with fetid abscess, 
which are included in this report, would certainly seem to be of some sig- 
nificance In spite of the fact that complete studies were not made in all 
instances, either anaeiobic streptococci. Bacterium melaninogenicum, Vibriones, 
Spirochaeta oi fusiform bacilli, singly or m vaiymg combinations, w^eie re- 
covered from the sputum, abscess contents, or empyema fluid in 42 of the 70 
fetid cases in the series The oiganisms recoveied in the nonfetid cases in- 
cluded the Friedlandei bacillus in one case, Aspergillus fumigatus in one, 
pneumococcus Type-III 111 one, hemolytic Staphylococcus auteus m one, 
and hemolytic streptococcus m two Bacteriologic studies in the other two 
nonfetid cases were unsatisfactoiy 

PATHOGENESIS 

Theie aie several etiologic factors which aie important both from the 
diagnostic and theiapeutic standpoints For instance, the history of onset 
in the majoiity of fetid abscesses suggests that they are due to the aspiiatmn 
of infected material from the mouth A gieat man} are postoperative, and 
most of these occui aftei opeiations upon the upper lespiratory tract, such 
as tonsillectomies, lai y ngectomies, tooth extractions and drainage of abscesses 
Some of the cases that occur followuiig other types of operations are clearly 
the lesult of secondaiily infected infarcts Not a few’’ fetid abscesses occur 

375 



RICHMOND L MOORE 


Annals of Surgerj 
September 1942 

after peiiods of unconsciousness due to alcohol, drowning accidents, insulin 
shock, trauma, or epileptic seizures In this group there is sometimes a 
definite history of the aspiration of vomitus, water, or some other foreign 
material In contrast, the history of onset in most of the nonfetid abscesses 
suggests an embolic or postpneumonic origin Both types occur, however, 
without a history of antecedent trauma, opeiative procedure, or pneumonia 
Thus, it should be emphasized that, even if an etiologic factoi predisposing 
to aspiration is absent, fetid abscesses are probably aspiration abscesses and 
represent infection either primary or secondary, caused by the group of 
anaerobic organisms mentioned above 

PATHOLOGY AND CLASSIFICATION 

In Its early stages a pulmonary abscess may be looked upon as a localized 
area of neciosis and suppuiation which is unassociated with any significant 
amount of fibrosis and bionchiectasis Of all the factors concerned in the 
healing of such a process free drainage is by far the most important This 
may occur spontaneously through a bi onchus or may be established by opera- 
tion In either event the lesult may be equally good If fiee drainage is 
not obtained early, however, ceitain complications and permanent changes 
m the adjacent lung aie likely to occui, both secondary to the persisting in- 
fection The usual complications are a spreading pneumonitis, broncho- 
pneumonia, secondaiy abscesses and empj'-ema The permanent changes in 
the adjacent lung are fibrosis and bronchiectasis The presence of fibrosis 
and bronchiectasis is generally understood as establishing the difference be- 
tween an acute and chronic process 

When a lung abscess is complicated by empyema or pyopneumothorax 
It usually means that the abscess has perfoiated into the pleural cavity and 
that a bronchopleural fistula exists (so-called pleuropulmonary abscess) 
This IS not an uncommon complication of abscess and, m many instances, 
the fistula can be demonstrated, either at opeiation, or subsequently during 
the postoperative couise Empyema may also follow a diagnostic aspiration 
of a lung abscess from contamination of the pleural cavity by the needle 
Since this does not seem to be an infiequent occurrence it is felt that a delib- 
erate lung puncture should never be made m a case of suspected abscess, 
and that diagnostic punctures, m geneial, should be avoided whenever pos- 
sible, for fear of accidental lung injury and pleural infection The danger of 
infecting the pleuial cavity by thoiacentesis seems to be greater m the 
anaerobic infections When empyema is a complication of a fetid abscess 
the exudate is foul and usually much thinner than the exudate which is seen 
in the more familiar pneumococcal and streptococcal varieties of empyema 
Cultures reveal the same anaerobic organisms which aie found m association 
with fetid abscesses Empyemata similai to these, and associated with the 
same organisms, are occasionally seen when there is no evidence whatsoever 
of either a preceding or coexisting abscess The oiigin of the empyema m 
of this kind is obscure There is reason to behe\e that some foul 
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empyemata aie caused by anaerobic streptococci alone These cases appear 
to be postpneumonic and the exudate is thick, not unlike that seen in the 
pneumococcal and hemolytic sti eptococcal infections Occasionally the pres- 
ence of a lung abscess is nevei suspected until foul pus is aspiiated from the 
pleuial cavity When empyema occuis as a complication of lung abscess 
it may be a small, well-encapsulated collection of pus, or a large, poorly cn- 
cumscribed collection occupying the gi eater part of the pleural space The 
smallei encapsulated foims are found, not infrequently, in one of the inter- 
lobai spaces, and I have the impiession that they aie seen especially m asso- 
ciation with uppei lobe abscesses They suggest slow leakage from the under- 
lying abscess, allowing time foi piotective adhesions to foim The massive 
types suggest sudden luptuie into a viigin pleural cavity 

TREATMENT 

Uncomplicated Abscess — Fetid Type — In common with Wessler, Neuhof, 
and many others, I feel that a fetid abscess is essentially a surgical disease 
This IS not meant to imply that all cases require operation On the con- 
traiy, I believe that all cases should have a trial of conservative therapy, 
because some will dram fieely thiough the bionchial tree and heal satisfac- 
torily without suigical inteiference The majority, however, do not, and for 
this leason, duiing the peiiod of conseivative treatment, the patients should 
be under the closest supei vision of both the internist and the consulting 
suigeon When evidence of fiee drainage and progressive healing becomes 
questionable, surgical drainage should be instituted at once, unless there is 
some very good reason foi not doing so Eai ly free di ainage is essential to 
avoid the development of complications and the highei opeiative mortality 
and less satisfactoi y late results in the complicated cases Unfortunately, the 
medical profession, at large, does not seem to appreciate this, for in most 
clinics It IS still tiue that the majority of cases are not referied for surgical 
tieatment until after complications have developed In the series of abscesses 
herewith reported, 54 out of 78, or 69 per cent, fell into this group 

Precise localization of the cavity is by far the most important technical 
factor in determining the success of the opeiation When the abscess is 
situated in the peiipheral part of a lobe, as most of them aie, adhesions 
form early between the overlying visceial and parietal layers of pleura and 
make diamage of the abscess possible 111 a one-stage proceduie without open- 
ing and infecting the pleural cavity In some instances, however, adhesions 
aie not found, eithei because the suigical approach is not correct or because 
the cavity is central and unassociated with pleural adhesions Under these 
conditions the opeiation must be undertaken m two stages At the first stage 
the wound is packed with iodoform gauze m older to produce the desired 
adhesions artificially It is impoitant to place the iodoform gauze m close 
contact with the paiietal pleuia The abscess is opened six to eight days 
later In the interval, 1 oentgenologic studies to localize the cavity should be 
repeated The numbei of operations that have to be divided into stages should 
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cleciease as a surgeon becomes more pioficient m localization In general, 
upper and middle lobe abscesses are more directly drained through an an- 
terior or axillary approach and lower lobe abscesses through a posterioi ap- 
proach Local anesthesia is the anesthesia of choice in all cases 

Uncomplicated Abscess — Nonjetid Type — Early drainage is also of im- 
portance in this gioup although perhaps less so than in the fetid abscesses 
This IS because the associated aerobic bacteria are less destructive than the 
anaerobic bacteria found in the fetid cases and are less prone to cause sec- 
ondary abscesses and empyema On the other hand, early drainage to avoid 
secondary fibrosis appears to be equally as important Nonfetid abscesses are 
relatively lare in comparison with fetid abscesses and are often unsuitable for 
operation because of their extent and the presence of other septic foci The 
operative technic in these cases is the same as that m the fetid cases 

Complicated Abscess — Fetid and Nonjetid Types with Multiple Cavities — 
Multiple cavities may require drainage at two separate sites When they 
involve the same bronchopulmonary segment, howevei, usually a single 
approach will suffice If the “several cavities” prove to be one large multi- 
locular cavity, and the smallei chambers dram freely into the mam space, a 
simple unroofing operation of the main cavity may provide the necessar} 
drainage Otherwise, it ma}'^ be necessary to unroof each cavity separately 
Complicated Abscess — Fetid and Nonjetid Types with Empyema — When 
an abscess is complicated by empyema, the empyema should be drained first 
In most cases drainage of the empyema will suffice because the abscess drams 
freely into the empyema cavity at the site of rupture In the fetid cases it 
is important to opeiate immediately because of the marked sepsis usually 
present in these infections and in ordei to avoid the development of a cellulitis 
of the chest wall from bacteria implanted in the needle tract at the tune of 
thoracentesis When the empyema is small and well-encapsulated, diainage 
should be instituted through a large opening into the dependent part of the 
cavity When, on the othei hand, the empyema cavity is large and poorly 
circumscribed, an open thoracotom}'- may be hazardous In cases of this kind 
the opening into the pleural cavity should be large, but measuies should be 
taken to prevent a “sucking ’ uound until the desired adhesions ha've formed 
If there is a fistula, continuous suction might help in preventing the aspira- 
tion of exudate from the empyema cavity, with spread of infection to other 
bronchi Swabbing oi irrigating the cavity with an aqueous solution of 
gentian violet seems to help in some cases Whether this is due to the pre- 
vention of secondaiy infection or to a specific effect of the gentian violet on 
the organisms which were primaiil)'' lesponsible for the abscess is not clear 
When there is no fistula other antiseptics such as Dakin’s solution or zinc 
peroxide may be used When impi ovement does not follow drainage of 
the empyema, inadequate drainage of the undei lying abscess should be sus- 
pected Other likely causes are pulmonary gangrene, suppurative inediastmitis 
and brain abscess Empyema is raiel}' seen in association vith a pioved non- 
fetid abscess It did not occur once m the eight cases of nonfetid abscess 
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included in this report, whereas the instance of emp}ema in the fetid cases 
was 23 per cent 

Complicated Abscess — Fetid and Nonjetid Types zvith Notable Fibiosii 
and Bi onchiectasis — The treatment of lung abscess with secondaiy fibiosis 
and bronchiectasis is the same, regardless of whether the preceding abscess 
was fetid or nonfetid Conseivative measuies will not produce healing in 
cases of this kind Surger} offers the only hope of cuie and, here again, 
the fiist consideration should be efficient drainage of the involved pait of the 
lung The lationale for this is twofold In the fiist place, occasionally such 
a case will heal after free drainage is established , and in the second place, 
those that do not heal aie improved by diainage and hence become bettei 
risks for what further pi ocedures are indicated If there is a minimal amount 
of bronchiectasis, satisfactory drainage can often be obtained by simply un- 
roofing the cavity On the other hand, when theie is advanced bi onchiectasis 
efficient drainage can only be established by destioying some of the involved 
part of the lung The cautei y is the best means for accomplishing this ^ 
Both the electric and actual cauteries can be used Experience seems to have 
shown, howevei, that the latter is less likel}^ to be associated with hemoirhage 
and air embolism and is, therefore, preferable The use of the cautei y to 
secure drainage is best suited to peripheral lesions that involve only one lobe 
of a lung When a large part or all of a lobe is involved the amount of lung 
tissue which must be destroyed in order to obtain satisfactory drainage is 
so large that spontaneous healing seldom follows The lesult may be a single 
fistula, but in most instances it will be a residual cavity in the lung itself with 
multiple bronchial communications Fibrous partitions of varying height 
divide the walls of such a cavity into recesses which, in time, may become 
completely covered by epithelium Patients with pathology such as this are 
often in the best of health except foi their fistulae Another surgical pro- 
cedure IS necessary, however, in order to produce healing This should be 
a plastic operation, with excision of the mucous membrane lining the cavity 
and closure of the fistulae if the cential part of the lobe is noimal ^ Lobectomy 
is the better procedure when the remnant of cautei ized lobe is fibiotic and 
bronchiectatic 

When fibiosis and bronchiectasis involves moie than one lobe, cautery 
pneumonectomy is less piactical In cases of this kind immediate removal 
of all of the diseased pait of the lung is the only rational procedure This 
may require a bilobai lobectomy, or total pneumonectomy It should be 
realized, however, that the mortality of such pi ocedures is high, especially 
so in the presence of residual pus m patients wuth fever, leukocytosis, debility, 
cyanosis and copious amounts of sputum The use of suction to remove ex- 
udate from the tiachea and bronchi betoie, during, and immediately after 
opeiation upon patients of this kind is of great importance 

CLINICAL MATERIAL 

This lepoit IS based on the records of 78 consecutne patients who were 
heated surgically at the Presbyteiian Hospital during the past ii }ears 
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Fifty-one were males, 27 were females Of the 78 patients, only 24 had 
uncomplicated abscesses at the time surgery was instituted, leaving 54 patients 
who had already developed complications In the uncomplicated group, 23 
of the ca,ses were fetid , and i was nonfetid In the complicated group, 47 
of the cases were fetid and 7 were nonfetid Of the 47 ps-tients with fetid 
abscess and complications, 14 had multiple cavities, 16 had empyema, 2 
notable fibrosis of the lung, 13 bi onchiectasis , i a mediastinal abscess, and i 
an abscess of the kidney All of the patients with nonfetid abscess and com- 
plications had extensive fibrosis of the lung (Table I) 

Table I 

CLINICAL MATERIAL 

Sevenly-etghl Pattents wtlh Pulmonary Abscess 


I Uncomplicated 24 

A Fetid 23 

B Nonfetid 1 

11 Complicated 54 

A Fetid 47 

Multiple cavities 14 

Empyema 16 

Notable fibrosis 2 

Bronchiectasis 13 

Mediastinal abscess i 

Abscess of the kidney i 

B Nonfetid 7 

Multiple cavities o 

Empyema 0 

Notable fibrosis 7 

Bronchiectasis o 


When the patients were grouped according to duration of symptoms it 
was found that only 31 had had symptoms for less than 2 months at the time 
of operation Of these, 18, or 58 per cent, had already developed compli- 
cations The 18 included 4 patients with multiple cavities, 13 with empyema, 
and I with bronchiectasis When the interval of time was extended to 3 
months the percentage of complicated cases was the same There were 40 
patients in this group, 6 of whom had multiple cavities, 14 empyema, i 
notable fibrosis , i bronchiectasis , and i a mediastinal abscess After this, 
the percentage of patients with complications increased with the duration of 
symptoms but the type of complication changed When the duration of 
symptoms exceeded 3 months (38 patients), 31, or 82 per cent, had compli- 
cations In this group, however, there were only 2 cases with empyema 
Eight of the otheis had multiple cavities, 8 notable fibrosis, 12 bi onchiectasis , 
and I a sinus extending through the diaphragm into an abscess of the kidne}- 
(Table II) 

RESULTS 

Uncomplicated Abscess— Fetid Type— Ot the 23 patients with uncom- 
plicated abscess of the fetid type 21 recovered All of these aie still alive 
and have been followed for periods of time varying from a few months to n 
years Nineteen have healed wounds and are free of symptoms Two are 
healed, with a residual cough The mortality in this group (2 deaths) ^\as 
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Table II 


CLINICAL MATERIAL 

Seicttly eight Patients with Pulmonary Abscess 


1 With symptoms not exceeding 2 months 31 

Uncomplicated 13 

Complicated iS (58%) 

Multiple cavities 4 

Empyema 13 

Bronchiectasis i 

2 With symptoms not exceeding 3 months 40 

U neompheated 1 7 

Complicated 23 (s8%) 

Multiple cavities 6 

Empyema 14 

Notable fibrosis i 

Bronchiectasis i 

Mediastinal abscess i 

3 With symptoms for more than 3 months 38 

Uncomplicated 7 

Complicated 31 (82%) 

Multiple cavities 8 

Empyema 2 

Notable fibrosis 8 

Bronchiectasis 12 

Abscess of kidney i 


9 pei cent One patient died on the fifth day from a pneumonia, which ap- 
peared to be due to the aspiration of exudate which spilled into the an 
passages either during oi soon after the opeiative procedure The other 
death was apparently caused by an acute agi anulocytosis This patient, a 
male diabetic, age 58, had a laige abscess of the middle lobe He was treated 
vigorously with sulfapyiidme befoie tiansfei for suigeiy, and at the time 
of operation had a leukopenia At operation, a laige piece of sequestrated 
lung tissue was removed fiom the abscess cavity The agi anulocytosis de- 
veloped immediately after operation The patient ran a high tempeiature, 
showed no tendency to improve, and died on the fourth postoperative day 
The results are summarized m Table III, and the surgical procedures are 
given in Table IV 


Table III 

UNCOMPLICATED FETID ABSCESS 
Mortality and Late Results in 2J Consecutive Patients 


Recovered 21 

Healed and symptom-free tp 

Followed 0-2 years 9 

Followed 2-4 years 4 

Followed 4-6 years S 


Followed 10 years 9 months 
Healed, with slight symptoms remaining 
Followed 3 years 6 months 
Followed 9 years i month 

Mortality — 9% 


Uncomplicated Abscess — Nonfetid Type — Bacteriologic study of the ex- 
udate taken from the abscess cavity at the time of operation, in the one pa- 
tient who had an uncomplicated abscess of the nonfetid type, revealed a pure 
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Table IV 

UNCOMPLICATED FETID ABSCESS 
Surgical Procedures tn 23 Consecutive Patients 
Rib resection and drainage in i stage 

Rib resection and drainage m i stage followed by closure of fistula i 

Rib resection and drainage, in 2 or more stages 8 

culture of Fnedlander bacillus This abscess was drained in two stages The 
patient made an uneventful recovery, and was completely relieved of symptoms 
Follow-up observations continued until bis death from carcinoma of the 
esophagus, six and one-half years later 

Complicated Abscess — Fetid Type, mtli Multiple CamUes — In this gioup 
there weie 14 patients Of these, 9 recovered, and have been followed for 
periods of time varying between 9 months and 7 years Five of the 9 have 
healed wounds, and are symptom-free , one has a residual cavity, with fistulae , 
one is healed, with slight symptoms , one still has a bronchocutaneous fistula 
aftei two and one-half j^ears, and the other, also with a bronchocutaneous 
fistula, died of a streptococcal wound infection and septicemia following ap- 
pendicectomy, 22 months after the surgical attack on the abscess was com- 
pleted The mortality in this group (5 deaths) was 36 per cent One pa- 
tient died dm mg operation, death apparently being related to the adminis- 
tration of the anesthetic Another died of a massive hemorrhage from the 
lung, two and one-half years after drainage of a large middle lobe abscess 
Another, a male diabetic, age 59, died of unknown cause a few weeks after 
discharge from the hospital The other two died of pneumonia, i eight days 
after operation, and the other two years aftei operation The lesults are 
summarized 111 Table V, and the surgical procedures in Table VI 


Table V 


COMPLICATED ABSCESS — FETID T^PE WITH MULTIPIF CAVlTIFS 
Mortality and Late Results tn 14 Patients 

Recovered 

Heaied and symptom free 5 

Followed 9 months t 

Followed 1-2 years 2 

Followed 2 years 4 months i 

Followed 7 years 4 months i 

Residual cavity with fistulae t 

Followed I year 6 months 

Healed with slight symptoms remaining t 

Followed I year 9 months 

Bronchocutaneous fistula ^ 

Followed I year 10 months t 

Followed 2 years 6 months ^ 


9 


Mortality — 36% 


lABLE VI 


COMPLICATED ABSCESS — FETID TYPE WITH MULTIPLE CAMTIES 
Surgical Procedures tn 14 Patients 

Rib resection and drainage m i or more stages 

Rib resection and drainage follow ed by lobectomy 

Cautery pneumonectomy in stages 

Cautery pneumonectomy follow ed by closure of fistula 

Cautery pneumonectomy followed by unsuccessful closure of fistula 

Pneumonectomy attempted but not completed 
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Complicated Abscess — Fetid Type, zmth Empyema — Seventeen of the 
patients with fetid abscesses had an associated empyema or pyopneumothorax 
One of these, \Mth symptoms of moie than a yeai’s duration, had, in addition, 
extensive fibiosis and bronchiectasis of the involved lung, and is included in 
the group with these complications Of the remaining i6 patients, ii re- 
covered, and all of these have been followed to the piesent time Ten of 
the II have healed wounds, and are symptom-fi ee , and i has a bioncho- 
cutaneous fistula The mortality (5 deaths) was 31 pei cent Two of the 
patients who died developed brain abscesses Another developed an extensive 
necrotizing cellulitis of the chest wall and lumbai region A fourth developed 
large areas of gangrene 111 both lowei lobes Tbe fifth death, which came 
suddenly on the fourth day after operation, was appaiently caused either by 
a massive cardiac infarction 01 pulmonary embolism The duration of 
symptoms previous to opei ation was less than six weeks in ten of the patients 
The results are shown in Table VII, and the surgical proceduies 111 Table 
VIII 

Table VII 

COMPLICATED ABSCESS — FETID T^ PE WITH EMP\ EMA 

Mortality and Late Results tn i6 Consecutive Patients 


Recovered ii 

Healed, and symptom-free lo 

Followed o-i year 2 

Followed 1-2 years 4 

Followed 2-3 years 2 

Followed 3 years 6 months i 

Followed 4 years 4 months i 

Bronchocutaneous fistula i 

Followed 7 months 


Mortality — 31% 

Table VIII 

COMPLICATED ABSCESS — FETID T1PE WITH EMPYEMA 

Surgical Procedures tn 16 Consecutive Patients 

Rib resection, with drainage of empyema only 14 

Rib resection with drainage of empyema followed by drainage of abscess 2 

Complicated Abscess — Fetid Type, with Fibiosis of the Lung and Bionch- 
lectasis — In this gioup theie were 15 patients , 13 with proved bronchiectasis , 
and two with fibrotic lobes, without demonstrable bronchiectasis cavities 
Only I of the 15 patients had had symptoms for less than three months 
In 8, the duration of symptoms exceeded one year, and in the other 6, 
symptoms had been present for periods of time varying between four and 
ten months In reporting results, the two patients with pulmonary fibrosis, 
but without demonstrable bronchiectasis, have been grouped with the 13 
with bionchiectasis because of my belief that these two conditions rarely, if 
ever, occur separately in fetid cases of pulmonary suppuration Ten of the 
patients lecovered, and all of these have been followed for varying periods of 
time Only four have healed wounds and are symptom-free T^\ o are healed, 
with slight symptoms Four have bronchocutaneous fistulae The mortality 
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(5 deaths) was 33 per cent Three of the deaths were apparently caused 
by a postoperative pneumonia, resulting from the aspiration of exudate which 
spilled into the an passages either during or soon after the operative pro- 
cedure One death was due to a severe hemorrhage, which occurred during 
operation, when the stump of an amputated lobe slipped out of the lobectomy 
cold The othei patient died on the fifth postoperative day of extensive in- 
fection including secondary abscesses in the opposite lung, a severe purulent 
bronchitis and empyema Results aie shown in Table IX, and operative pro- 
cedures in Table X 


Table IX 

COMPLICATED ABSCESS — FETID T^PE WITH FIBROSIS AND BRONCHIECTASIS 
Mortality and Late Results in Jj Patients 


Recovered jo 

Healed and symptom free 4 

Followed 2 years 9 months I 

Followed 4 years 7 months I 

Followed 6 years 6 months t 

Followed 8 years s months t 

Healed with slight symptoms remaining 2 

Followed s years 8 months t 

Followed s years 9 months t 

Bronchocutaneous fistula 4 

Polloi^ed 4 months 2 

Followed I year 8 months l 

Followed s years 9 months i 


Mortality — 33% 

Table X 

COMPIICATED ABSCESS — FETID TtPE WITH FIBROSIS AND BRONCHIECTASIS 
Surgical Procedures in is Patients 


Rib resection and drainage in i or more stages 3 

Rib resection and drainage followed by closure of fistula i 

Cautery pneumonectomy in stages 4 

Cautery pneumonectomy followed by lobectomy 6 

Primary lobectomy ^ 


Complicated Abscess — Noiifetid Type, with Notable Fibi osis of the Lung — 
There were seven patients in this group, and all had had symptoms for 
months or years before the surgical attack was begun Six recovered, and 
have been followed for varying periods of time Four of these have healed 
wounds, and are symptom-free Two have open wounds, with lesidual cavities 
in the lung and multiple fistulae The one death occurred on the fifth day 
postoperative from coronary thrombosis Mortality and late results are sum- 
marized m Table XI, and surgical procedures are given in Table XII 

Table XI 

COMPLICATED ABSCESS — NONFETID TYPE W’lTH FIBROSIS 

Mortality and Late Results in 7 Patients 

Recovered ^ 

Healed and symptom free 4 

Followed 5 months ^ 

Followed s-6 years 3 

Open wounds with residual cavity and fistulae 2 

Followed 2 years 2 months ^ 

Followed 4 years ^ 


Mortality (i death) — 14% 
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Table XII 

COMPUCATED ABSCESS — NONEETID T\PE WITH FIBROSIS AM) BRONCHIECTASIS 

Surgical Procedures in 7 Patients 


Rib resection and drainage in i stage 4 

Rib resection and drainage followed by closure of fistula i 

Rib resection and drainage followed by lobectomy i 

Primary lobectomy i 


All Cases — Uncomplicated and Complicated — Of the 78 patients opeiated 
upon, 43, or 55 I pel cent, aie appaientl) ciued, i e , they have healed wounds, 
and aie entiiely fiee of symptoms, 10, or 12 8 per cent, have bronchial fistulae, 
5, 01 64 pel cent, have healed Avounds, with peisistent cough and sputum, 
and 20, 01 25 7 pei cent, ai e dead The 1 esults were not tabulated according 
to pioceduie because of the gieat vaiiation in the extent of the pathologic 
processes m the diffeient patients, and the small numbei of patients in any 
paiticular gioup None of the patients weie exactly alike, and none of them 
with the same complications piesented the same opeiative iisk 

SUMMARY 

( 1 ) The bactei lology, pathogenesis, pathology and ti eatment of pulmonai y 
abscess aie discussed, and the lecords of 78 patients who weie tieated sui- 
gically by the aiithoi were leviewed The cases were classified as uncompli- 
cated or complicated, accoiding to pathology, and as jetid or iionfetid, accoid- 
ing to odoi By definition, a case was considered uncomplicated when theie 
was only one abscess, and this was unassociated with empyema, notable fibiosis 
of the lung, bi onchiectasis, or other sei lous complications Cases with multiple 
abscess, empyema, notable fibiosis, bi onchiectasis, 01 othei laiei complications 
such as suppuiative pencaiditis and suppuiative mediastinitis were classified as 
complicated The cnteiia foi classification aie given m detail The common 
piactice of desciibing abscesses as "acute” and "chionic,” accoidmg to dura- 
tion, IS condemned because the teims acute and chionic do not have exact 
meanings, and have led to much confusion 

(2) Of the 78 patients, only 24 had uncomplicated abscesses Of the 54 
with complications, 16 had empyema, 14 multiple cavities, 13 bi onchiectasis , 
9 notable fibi osis of the lung , i a mediastinal abscess , and i an abscess of the 
kidney In the uncomplicated gi oup, 23 of the cases wei e fetid , and i v as 
nonfetid In the complicated gi oup, 47 of the cases wei e fetid , and 7 were non- 
fetid Fifty-eight pei cent of the patients who had had symptoms foi less than 
thiee months, at the time of opeiation, weie complicated, and 82 per cent of 
the patients who had had symptoms foi moi e than tin ee months, wei e compli- 
cated In the fetid gioup, empyema and multiple abscesses weie fiequently 
seen in the eaily stages, wheieas fibiosis and bi onchiectasis, with 01 without 
secondaiy abscesses and emi^yema, Aveie legulaily seen m the cases of many 
months’ standing In the nonfetid gioup none of the cases had empyema or 
bronchiectasis, but all of the cases of long standing had unmistakable evidence 
of extensive inilmonaiy fibiosis 

(3) Of the 24 patients with uncomplicated abscess, only 2 died, an opera- 
tive moitality of 8 per cent In contiast, the operative moitality in the 54 
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patients with complications (i8 deaths) was 33 pei cent In this lattei gioup, 
composed laigely of fetid cases, the moitahty m the fetid cases \\ith multiple 
cavities was 36 pei cent , in the fetid cases with empyema it was 31 pei cent 
and m the fetid cases with fibrosis and bionchiectasis it was 33 per cent In the 
nonfetid cases, all of whom had extensive pulmonary fibrosis, and none of 
whom had empyema or bionchiectasis, it was 14 per cent (i death) The 
sill gical pi ocedures ai e given 

(4) All of the survivors were followed for periods of time varying fiom a 
few months to ii 3'^ears The late results were better in the uncomplicated 
group and in the fetid gi oup that was complicated by empyema In the formei , 
91 per cent of the patients had healed wounds, and were free of symptoms In 
the latter, 90 pei cent of the patients fell into this category In contrast to these 
figures, only 52 pei cent of the patients that had multiple abscesses, extensive 
fibiosis or bronchiectasis were free of symptoms In this group, 3 patients still 
had open wounds, with residual cavities in the lung and multiple fistulae, 3 
otheis, although healed, still had symptoms , and 6 others had bronchocutaneous 
fistulae All of the cases that were complicated by empyema alone, were of 
short duration, and the excellent final results in this group were no doubt due 
to early 1 upture of the abscess and free drainage into the pleural cavity 

CONCLUSIONS 

( 1 ) Early, free drainage of a pulmonary abscess is essential m both the fetid 
and nonfetid types to avoid the development of complications, the highei opera- 
tive mortality, and the less satisfactory late results in the complicated cases 
Foi this reason, pulmonary abscess, especially the fetid type, should be accepted 
as a surgical disease and should be tieated undei the dnection of a suigeon 

(2) The division of cases into “acute” and “chronic,” on the basis of time, 
is confusing Cases should be classified on the basis of pathology 

(3) A pathologic classification is essential for selecting the proper surgical 
procedui e, and is the most reliable basis foi estimating operative risk and late 
piognosis It IS also iinpoitant for pui poses of compaiison between different 
series of reported cases 
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CONTROL OF MASSIVE ESOPHAGEAL HEMORRHAGE 
SECONDARY TO LIVER DAMAGE (CIRRHOSIS) BY LIGATION OF 
THE CORONARY VEIN AND INJECTION OF SODIUM MORRHUATE 

Edwin J Grace, MD 

rR^cr cuNJC 
Bhookiix, X Y 

The clinical rNTirv of cm hosts of the liver is i datively constant, 
in general, but reveals many different causes and many secondary com- 
plications Among the latter, esophageal hemoirhage is frequent and often 
so severe that death may follow With oui increasing knowdedge of liver 
function, many so-called hopeless cases of liver damage might he helped by 
using all know'll data now' availalile for the pieservation and restoration of 
liver function 

The livei is not only the laigest but one of the most vital organs in 
the body, and in spite of its multiplicity of functions the tw'o considered most 
important are Fust, its ability to function with a small amount of normal 
tissue , and, second, its remarkable capacity to regenerate Since the causative 
element m liver damage may in many instances be one not classically accepted 
or know'll, eveiy aid should, theiefoie, be given such patients in spite of the 
apparently hopeless pictuie The multiple functions of the liver make it 
easy to appreciate the fact that, w'hen this organ is badly damaged, any 
complication may precipitate a fatality 

Vances, one of the more common complications of the cirrhotic liver, 
are caused by a greater flow of blood through a vein and by the inability 
of the muscular and elastic fibeis to prevent this increased venous pressure 
Since the submucous veins of the esophagus ai e w ell supported at the cardia, 
the formation of varices probably occurs below' the cardia and spreads above 
that point after anastomosis has been completed The formation of varices 
above the cardia is undoubtedly more rapid w'hen several large veins cross 
the cardia These are probably the first veins m the cardiac region to 
become enlarged"^ 

Unlike the obstruction of the poital oi splenic vein in Banti’s disease 
and splenic anemia, the physiologic changes involved in the occurrence of 
esophageal varices may have an intrinsic or extiinsic cause When the 
portal 01 splenic vein is obstructed anastomosis lesults, in order that the 
blood fiom the portal circulation can pass back into the general systemic 
ciiculation Doctoi Moersch" lists three existing routes through which this 
may take place, depending upon tlie site of the obstruction m the splenic 
or portal vein 

I At the point of transition between absorbing and piotectne epithelium 
(a) Between the coionaiy \ein of the stomach and the intercostal the 
a?}gos and the diaphi agmatic ^e!ns 
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(b) The superior hemorrhoidal with the middle and inferior hemor- 
rhoidal veins 

2 Site of embryologic circulation— falciform ligament containing the paia- 
umbilical veins 

3 At all situations within the abdomen where the gastro-mtestinal tract, 
Its appendages or glands developed from it become retroperitoneal' 
developmentally, or adherent to the abdominal wall, pathologically 

The first of these is of the most concern, since esophageal varices result 
fiom such a communication This passageway between the coronary vein of 
the stomach and the azygos, intei costal, and diaphragmatic veins is undoubt- 
edly the most likely to develop, since it is the most direct route between the 
portal and general systemic circulations Moreover, as Doctor Moersch 
points out, the pressure within the portal circulation is increased, when the 
poi tal vein is obstructed, with a resultant reversal of the flow of blood through 
the coronary vein, partly due, no doubt, to the absence of valves This re- 
versal of the coronary blood flow, in turn, exerts pressure on the esophageal 
plexus, with the effectual formation of esophageal varices Anastomosis 
between the poital and caval circulations takes place within the plexus 
formed by the branches of the coronary vein after reaching the submucosa of 
the cardia by way of piercing the muscular coats Since the veins in the 
submucosa of the lower esophagus are not very well supported by con- 
nective tissue, the increased flow of blood thiough the vein plus the inability 
of the venous walls to withstand such pressure, causes varicose veins of the 
esophagus Doctoi Moersch also points out that the effect of the changing 
suction in the thoracic cage, due to lespiration, must also be considered 
Although esophageal varices may involve the greater part of the esophagus, 
it IS usually limited to the lower one-third 

The difficulty of early diagnosis has always been a problem in cases of 
esophageal varices Little progiess was made in such diagnosis from 1839, 
when Powers gave the first repoit of varicose veins of the esophagus to 
medical literature, until 1925, when Jackson and his associates suggested the 
value of esophagoscopy In 1928, Wolf described the roentgenologic technic 
in diagnosis and, in 1931, Kirklin and Moersclff combined roentgenoscopic 
and esophagoscopic diagnostic technic The fear of fatal hemorrhage, how- 
ever, has curtailed the use of esophagoscopy to a certain extent 

For the prevention and contiol of such hemoirhage, several procedures 
have been followed at one time or another Doctor Moersch' lists such 
palliative measures as “Dietary restrictions , the use of local applications to 
the varix (diathermy, local compression, etc ) , injection of solutions into the 
general circulation to stimulate coagulation, and venesection, as suggested by 
Drenckhahn, to increase the viscosity of the blood ” 

Splenectomy has been performed most frequently in an attempt to pre- 
vent hemorrhage in the esophageal varices This evidently decreases by 
20 per cent the amount of blood passing through the portal circulation By 
splenectomy, also, one source of anastomosis between the porta] and caval 
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circulations is stopped by the severing of the vessels which lun through the 
vasa brevia and which communicate with the esophageal veins Splenectomy 
is sometimes followed by an omentopexy with the Talma-Morison operation 
to divert blood from the direction of the esophageal varices by means of an 
anastomosis between the portal and systemic circulations The Eck fistula has 
also been recommended as one of the simplest methods of remedying varices 

The ligation of the coronal y vein to pi event hemoiihage in esophageal 
varices was first advocated and successful!} tned in 1929 by Rowntiee 
Walters, and Mclndoe Such ligation \\as earned out to inteiiupt the flow 
of blood to the collateial veins m the lowei end of the esophagus This pio- 
ceduie, howevei, did not pieclude all possibility of hemonhage In 1933 
Kegaiies" lecommended the ligation of the vasa bievia 111 addition to ligation 
of the coronal y vein m ordei to pi event the formation of such vaiices when 
splenectomy was consideied too dangerous He suggested that mass ligation 
w'as possible and that lelief fiom hemonhage could be obtained by sectioning 
these veins in the course ot splenectomy 

Although injections dnectly into the esophageal veins have been used as 
eaily as 1914, w'hen noimal hoise seium w’as lecommended by Jackson, 
Tuckei, Cleif, Lukens, and Mooie- foi hemonhage fiom luptuied vaiicose 
veins of the esophagus, it w^as not until 1933 injections of a non- 
111 Rating yet scleiosing solution into the pei lesophageal 01 pai aesophageal 
plexus (a method similai to that of oblitei atiiig vaiicose veins of the leg) 
at the same time as ligation of the coionaiy vein was suggested by Walteis 
About the same time, Moeisch and Pembeiton^ suggested the possibility of 
injecting a scleiosing solution into the esophageal vaiices by means of an 
esophagoscope Failuie to produce esophageal veins in dogs in order to 
expel iment wath this new^ method before attempting such tieatment upon 
the human patient caused the idea to be^unadaptable for the moment In 
1939 method of tieatment, the solution being qumine-uietan, w'as success- 
fully carried out upon the human patient by Fiencknei and Crafoord,"^ 
of Stockholm Moeisch immediately duplicated the pioceduie w'lth, thus 
fai, successful results 

Nothing is more unpiedictable than the favoiable clinical results often 
obtained in spite of extensive livei damage Modem therapeutic aid has 
further equipped the clinician The case heie reported repiesents one of 
advanced liver damage wuth ascites and esophageal vaiices, the latter rup- 
tuied, producing severe massive hemonhage An apjiaient hepatic fatalit} 
\vas avoided and the patient restoied to impioved health by combining 
ligation of the coionaiy vein wath injection of sodium monhuate The patient 
is now enjojing good health and has no complaints, the hemoglobin is 96 
per cent, no ascites are piesent A splenectomy was not undertaken on this 
patient because it w^as doubted whether such an operation with its definite!} 
highei operative moitalitv should alwa}s be undertaken 

Case Report — R T, w'lnte, male, age 53, was admitted to the Kings County Hos- 
pital m October, 193S, with a classical clinical picture of cirrhosis of the lucr, the 
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patient was cachectic, pale, and cadaverous-looking, with a large abdomen containinir 
fluid and considerable weight-loss He had had a massive acute hemorrhage from a 
ruptured esophageal varix The past history showed that this was his fourth hospital 
admission for apparently the same complaint, and that he had been constantly subjected 



over a period of months, to these massiv'e hemorrhages The hemoglobin was 24 per 
cent, red count was 1,200,000 During his preoperative period, it was difficult on many 
occasions to obtain a pulse and blood pressure reading Several small blood transfusions 
were given preoperativelj’’ with \erj slight clinical impro\ement 

In No\ ember a celiotomy i\as performed under a local anesthetic, and when the 
peritoneum was opened, a large quantitj of ascitic fluid gushed forth The coronarv 
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Fig 2 — Photomicrognph of a specimen of liver removed by biopsy 
at the time of celiotoni>, showing cloiuK swelling (x 159) 




Fig 


(A) (B) 

3 — Drawings from esopliagograms taken 
postoperatnch (C) Twentj 


(C) 

(A) Prcopcrati\el\ (I!) Four months 
months postoiicratucU 
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vein was found to be enlarged and distended (one centimeter in diameter) , ,t was 
ligated wift black silk, and eight cubic centimeters of sodium morrhuate solution was 
injected Three other smaller veins, close to the coronary vein, were also ligated It 
IS interesting to note that after the above ligations, the veins between the ligature and 
the hver remained distended, while between the ligature and the esophagus 
they were collapsed The veins of Sappey on the undersurface of the 
diaphragm were also ligated In view of the above-mentioned collapse of the coronary 
veins, I did not feel that in this patient the danger of collateral circulation from the 
spleen was any immediate problem and consequently did not feel that a splenectomy was 
justifiable Exploration of this organ showed it to be firmly adherent and bound down, 


Chart I 



HEMOGLOBLIN STUDIES ON RUPTURED ESOPHAGEAT VARICES 

Hemoglobin studies made on June 23, 1941 were 152 grams, or 102 per cent 


apparently from an old perisplenitis The liver was round-edged, pale jellow, and cir- 
rhotic A biopsy obtained from the liver edge subsequentlv confirmed the diagnosis of hver 
damage, however, the specimen was not predominantly fibrotic (Fig 2) About a 
month after the first operation, omentopexy was performed (Talma-Morison operation) 
After this last operation, a mild hemorrhage occurred at two different times, but since 
then, the patient, when recently seen, appeared to be m excellent health, had had no fur- 
ther hemorrhage and no evidence of ascites In June, 1940, the hemogloblin had improved 
from 24 per cent, or four grams, to 80 per cent, or 12 grams In November, 1940, the 
hemoglobin had further improved to 96 per cent, or 14 5 grams, according to the photo- 
electric cell method (Chart I) The hver function test was Grade O, wuth the serum 
bilirubin i 5 mg per cent 

Roentgenologic studies made preoperatively showed evidence of esophageal varices, 
when these studies were repeated two months postoperativelj , the esophagogram showed 
alterations indicative of improvement, and similar films taken six months after the 
ligation and injection of the veins showed a normal esophagus Although clinical im- 
provement has been marked, roentgenologic studies on August 3, I939> present 
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time, show some deviation from the normal, and the general appearance suggests a 
reversion back to the appearance of the roentgenogram taken preoperatively (Fig 3) 
The operation was, of course, directed at a complication of the liver damage (hemor- 
rhage) and only indirectly could benefit accrue to the liver Although I appreciate 
fully the limitations of the liver function tests, it is interesting to note that on February 
8, and on September ii, 1939, the bromsulfalem showed no dye retention This, with 
clinical improvement, is significant Furthermore, with the control of the massive 
hemorrhage and the use of all accepted modes of therapy for improving liver damage, 
such as a diet high in carbohydrates and low m fats, liver extract injections, and 
especially assimilation of vitamin B, which helps to restore liver function and speeds 
regeneration of the liver, I feel that these benefits should not be underestimated 

Recent follow-up of this patient, May 15, 1942, finds him in excellent health and 
working daily running an elevator in a large apartment house 

Liver injections for the past two years have been very irregular, averaging one a 
month, because of the difficulty the patient has in leaving his work 
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SLIDING AND OTHER LARGE BOWEL HERNIAE* 

DEVELOPMENT, CLASSIFICATION AND OPERATIVE MANAGEMENT 

Claude C Burton, M D , 

AKD 

Carl Blotner, M D 

\ CTHRANS ADMINISTRATION BUREAU 

Daytox, Ohio 

The most seiious, the laiest, and the most difficult heiniae to repaii aie 
the sliding heiniae of the laige bowel The}' are the most seiious because the 
bowel foims a part of the sac and mismanagement may not only lesult in 
recui rence as m other inguinal hei niae but also m the possible development of 
a fecal fistula and perhaps general peritonitis with disastrous outcome Since 
their incidence is estimated at l or 2 pei cent but few surgeons have an 
opportunity to operate upon a sufficient number of sliding herniae to really 
become proficient in handling them Usually they occur veiy unexpected!), 
and there are no reliable ciitena 01 pathognomonic signs upon which this type 
of hernia can be diagnosed preopeiatively Unless the surgeon has familiar- 
ized himself with the anatomic development of the large bowel and the various 
relationships assumed in its embryonal circuit, moie particularly the second 
phase of rotation, he may be baffled as to how to proceed There are perhaps 
few situations in the abdomen that requne more matuie judgment and skill 
than when one is confionted with a large parasaccular 01 sacless sliding heinia 
Walton-^’ defines a sliding hernia “as one in which some portion of the w'all 
IS formed by a viscus which m its noimal position is only in pait coveied by 
pertoneum ’’ Theiefore in its incipiency, a sliding heinia is so totally diffeient 
fiom the ordinary saccular type, that it is imperative that the suigeon be 
vigilant at all times, oiienting himself in each step to avoid opening the bowel, 
mistaking it for the wall of the sac, as was done by Sir Frederick Treves-'*, 
Lawrence*'*, and possibly by others, though unieported, with lethal results 
This happened to one patient m our series but the bowel was empty, the 
opening, which was small, ivas closed immediately and with the aid of sulfa- 
nilamide healed by /ic; p} niiani Also paiallelmg m impoitance, after having 
recognized the type of hernia piesent, is the possibility of compromising the 
circulation by boldly dividing the medial 01 vascular leaflet In the large 
01 mature sliding herniae there are problems involving the repair of the 
fascial and other mural structures equal to, if not surpassing any met wnth in 
the various saccular types of hernia We, therefore, feel that sliding heiniae. 
although admittedl)'' rare, are of sufficient importance to justify redescribing 
their development, classification and operative management Incidentally we 

* Published with the permission of the Medical Director, Veterans Administration, 
w’ho assumes no responsibility for the opinions expressed or conclusions drawn by the 
authors 
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are submitting a statistical analysis of 68 cases of laige bowel heiniae (54 
sliding and 14 simple, acquiied) in a consecutive senes of 2614 repaired 
inguinal herniae (Table II) This is an incidence of 2 pei cent for sliding 
herniae only 

The literatuie on sacculai herniae, and then lepair, is voluminous but, 
paradoxical as it ma}^ seem, it is scanty on herniae of the large bowel includ- 
ing sliding herniae Moieovei this t}pe of henna was recognized by Galen 
during the Hellenic Renaissance in Rome, in the second centui y A D Other 
early writers include Rousselus,-® in 1559, Geiger,-® m 1631, Spigelius,-® in 
1645, TieAes,-"* in 1887 In recent years Gainett^ (1909), and Bevan"* 
(1930), have made significant contributions which seem to us to portray 
vividly, and simply, the embiyologic evolution, classification, and repair of 
sliding herniae In the piesent communication we have diawn freely fiom 
these authors 

Table I 

TAPES OF SLIDING HERNIAE FOUND 
Intrasaccular 27 

Parasaccular 26 

Sacless 1 

Table II 


OPERATUE FINDINGS 

IN 68 

HERMAE or LARGE INTESTINE 





Sliding Type 

Simple, Acquired Tvpe 

Structures Involved 

Lt 

Rt Bilat 

Lt 

Rt Bila 

Sigmoid 

28 


8 


Cecum 


12 


2 

Cecum, ileum and ascending colon 


3 



Sigmoid and descending colon 

2 




Sigmoid and bladder 

1 




Cecum, ileum and appendix 


3 



Cecum and appendix 


1 


1 

Cecum, ileum and omentum 




I 

Sigmoid and omentum 



1 


Cecum and omentum 




1 

Sigmoid and cecum 


2 



Total 

31 

19 2* 

9 

5 0 

Total 


SA-i- 


14 


* Two patients with bilateral herniae counted as lour herniae 


Development and Classification — Garnett classified heiniae of the large 
intestine into the congenital and acquired types In the congenital type is 
included those herniae with complete, preformed sacs The acquired type is 
subdivided into (a) simple acquired, in which the herniated laige bowel is 
entirely covered by peiitoneum and the sac does not form a part of the wall 
(Fig la) , and (b) the sliding henna m which a portion of the sac is fused 
with and foims a pait of the wall of the herniated large bow^el Sliding hernia 
may be of the intrasaccular vaiiety (Fig ib) with complete sac, oi the para- 
saccular (extrasaccular) variety, with incomplete sac, depending upon the 
extent of the peritoneal or serous coveiing of the herniated large bowel 
(Fig ic) A sacless variety occurs but is raie (Fig 2) 

Anomalies in the embryolog’c development of the small and large bowel 
are of practical importance to the diagnostician the roentgenologist and 
especially the surgeon Since a sliding hernia is fiequently a manifestation of 
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one of these anomalies, it is essential that tlie surgeon understand the bizarre 
conditions that may occur in the rotation of the intestine It is conceivable 
to have abnormal disposition of the intestinal loops due to (a) incomplete or 
nonrotation, and (b) reversed rotation or to deficient fixation Usually the 
cecum IS completely surrounded by peritoneum except in its attachment to the 



sac 


colon - a^hereni to sac 
at potnt "A" 


SIMPLE ACQUIRED HERNIA 
OF LAROE INTESTINE 


Co,) 






O:) 


Fig 1 — Types of Herniae of Lar^e Intestine 

colon and does not possess a mesocolon However, it may have a mesocecum 
Rarely a reti opentoneal cecum may escape by the process of sliding through 
the internal abdominal ring without its serous covering, thus constituting a 
sacless sliding hernia 
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The sigmoid, which is deiived fiom the hmdgut, has been, from the very 
beginning, an extiaseious (termed extiapentoneal by others) stiuctuie and 
has not been involved m the piocess of lotation Consequently, in sliding 
herniae of this stiuctuie theie is usually a comparatively wide aperitoneal, or 
bale area, and such herniae aie moie likely to be of the parasaccular type 

Since the seious (peiitoneal) coveiing of the right and left colon may 
vary widely, as has already been pointed out in their development, the type 
of sliding hernia encountered will likewise vary accordingly Another factor 
to be reckoned with is the inti aluniinal and static pressui e of the bowel form- 
ing the wall of the sac whicli, if continued for long, may convert an intra- 
saccular type into a parasaccular one 
The next step in the piogiess 
of a sliding henna is its descent 
into the inguinal canal As the 
peritoneum slides over the under- 
lying connective tissue, the at- 
tached oncoming bowel, possibly 
aided by traction of an unusually 
long mesentery oi by the pull 
from the heinial sac, appeals at pf 
the internal abdominal iing If 
the ring is dilated, and a pre- 
formed sac is piesent, theie 
should be little lesistauce to the 
escape of the hernia into the 
canal Hmvever, if the sphincter 
at the internal img is pieserved, 

It may lequire w^edgmg and pis- 
tonnig by the hernial mass before 
the shutter action is impaired and 
ring stretched sufficiently to pei- 

mit egiess of the sliding hernia into the canal, thus manifesting itself clinically 
as an indirect type In the event the internal ring holds, then the next most 
vulnerable area is the inguinal triangle Heie, again, if there is congenital 
\veakness of the muscle component of the internal oblique it would leave the 
fascia transvei sails as the only baiiiei to the formation of a mature heinia 
Usually the fascia transvei sails yields to the intermittent inti a-abdominal ten- 
sion and sooner oi later becomes w^eakened As the pouching inci eases in 
size the fascia tiansversalis becomes moie attenuated until there is marked 
bulging thiough the floor of the canal In this instance the sliding henna 
would assume the direct type Wheie there is geneiahzed mural w^eakness 
wuth loss of obliquity of the canal in the presence of a coexisting congenital 
sac, the sliding henna would have the appearance of the combined oi indirect- 
duect type Therefore, in dealing with inguinal herniae it is easy to see howq 
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in a few biief moments of dissection, one’s attitude can be suddenly changed 
fiom one of complacencv to consternation 

Perhaps the classification of sliding hernia that is most generally used, 
and a practical one, is that of Bevan^ It differs from Garnett’s in that it is 
mainly anatomic rather than embryogemc Greater stress is placed on the 
saccular contents than on the extent of the peritoneal investment Sevan 
lefeis to three different foims of sliding heinia (a) Cecum and ascending 
colon, (b) descending colon and sigmoid, and (c) the bladdei Ho\\evei" 
sliding hernia may involve the cecum alone, the cecum and appendix, oi the 
sigmoid alone At times the mobility of the cecum may be so great as to 
enable it to assume diveis positions ^\lthln the abdomen Therefore, it is 
possible to have the cecum in umbilical, left inguinal, and femoral herniae 
(Hildebrand^h and Gibbons'’) Foitunately, these abnormalities in disposi- 
tion are rare The attachment of the peritoneal sac to the bladder for a dis- 
tance of one to t\i 0 inches is by no means unusual, occurring in 63 per cent 
of inguinal heiniae m oui series Befoie diagnosing a sliding heinia of the 
bladdei one should make sure that the bladdei ’vall actually piolapses into 
the canal and constitutes the primary bulging and not simply auxiliaiy to the 
hernial mass Of course, a concomitant bladder attachment is more frequent 
in direct oi bilocular herniae 

Diagnosis — A diagnosis of sliding heinia pi eopei atively cannot be un- 
equivocally established However, theie aie ceitain cnteiia which cause one 
to suspect such a heinia Fiequently the patient will relate that he has had 
a hernia for some time peihaps several years, and that it has been getting 
progi essively laigei In our senes there w'eie a few' exceptions to this rule in 
which the heiniae w'cre of a few' months duration and had attained consider- 
able size during that biief period The patient may state that he is unable 
to wear a tiuss because of the inci eased pam during its use On examination, 
a dilated exteinal, as w'ell as internal, iing is usually found Ow'ing to the 
compromise of function of musculai and fascial structures, theie is loss of 
obliquity of the inguinal canal A large hernial mass frequently extends down 
into the sciotum and contains bowel An attempt to completely reduce this 
mass may be unsuccessful and give use to pain A baiium enema may reveal 
a loop of large bowel in the heinial sac In the congenital type, traction on 
the testis aftei the hernia is i educed causes the hernia to leappear 

Repan of the 6'ac— The first pierequisite in the lepair of herniae of the 
large bow'el, the vast majority of which aie sliding, is the total obliteration of 
the sac, w'lth the best possible closiue of the stump \Vhen dealing w'ltb a 
simple, acquned hernia of the large intestine the adhesions betw'cen the bowel 
and sac aie divided and the intestine returned to the abdominal cavit}' Ihe 
sac may then be fieed and closed usually by torsioning an suprasacculai 
ligation, as desci ibed bj' Russell"’, w Inch is routinel) done in all of our inguinal 
hernia repaiis 

On the other hand, w'hen dealing with a sliding henna, the closure of the 
sac IS a moi e difficult undertaking The bow'el forming a part of the sac w'all 
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must fiist be mobilized in oidei to peimit its i eduction and piopei closuie of 
the sac To accomplish this safely one must have a thoiough knowledge of 
the blood supply to the involved intestine (Fig 3) The freeing of the bowel 
without considei ation of this factoi may lead to circulatoiy impairment and 
gangiene of the involved segment In the foimation of a sliding hernia, we 
must lemember that as the bowel moves or glides down thiough the internal 
ring the nutiient vessels aie earned along with it Fiom a study of the 
anatomy of the laige bowel vie leain that the blood supply to the colon (ex- 
cept the lectum) enteis by va) ot the medial leaflet of the mesocolon, a fact 
long lecognized, and made use of piactically, in successful colon surgery The 
lateial leaflet of the mesocolon is avasculai Consequently, 111 fieemg a loop 



of large bowel in a sliding henna, the lateial leaflet of the mesocolon may be 
cut with impunit} but the medial leaflet must not be disturbed 

In our routine lepair of direct, bilocular and othei inguinal herniae, we 
follow Hoguet’s^- technic of freeing the sac and all valiants of the sac are 
indirectalized The sac is dissected fiom the bladder whenever such dissec- 
tion is necessary foi adequate high ligation Oui statistics reveal that such a 
dissection of bladdei fiom the sac was necessaiy m 63 pei cent of inguinal 
herniae lepaired exclusive of sliding herniae In sliding heiniae such a dis- 
section was necessary m but 20 pei cent of those lepaiied 

Several methods of handling the sac in the lepair of sliding herniae can 
be found m the liteiature That of Bevan (Fig 4) may be considered as 
being perhaps the most satisfactory, especially foi the paiasaccular type He 
incises the avascular or lateral fold of peritoneum of the mesocolon, thereby 
freeing the bow^el He then raises the bowel and unites the peritoneal flaps 
behind it but perpendicular to the incision which in efifect lengthens the meso- 
colon permitting reduction of the large intestine foiming the wall and at the 
same time covering the raw surface This is the same principle wdnch has 
been employed by Hemeke^®, Mikulicz^®, and W J Mayo^‘, in coirecting 
stenoses of hollow^ viscera, particulaily at the pyloius Aftei having leplaced 
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Fig 4 — Bevan^s method of sac closure in sliding hernia 


the bowel m the abdomen the sac is invaginated by means of a series of purse- 
string sutures, which forms a tampon or cushion at the internal ring 

Carnett describes a method employed by Morris^^, van Heuverswyn-®, 
Gouillard,® and others (Fig 5) The sac is incised on either side of the 
reflection of the peritoneum a short distance fiom its junction with the intes- 
tine, thereby producing a free flap of peiitoneum on either side of the bowel 
Each flap is then turned back behind the bowel so as to cover the bare area and 
the two are sutured together in this position foiming a soit of mesocolon 


extraperitoneal 
ctrea ot colon-\ 


medial or 
. vascular 
~/eaf/&t of 
/>er/to/teMU 


Incision made beqond the 
lateral or avascular leaf- 
let of peritoneum 



Cut leaflets of peritoneum 
folded back over the evtra- 
peritoneal surface of gut. 



Colon lies free within the Sac readif for ligation at base 

sac and can be returned after return of colon to the 

to abdominal cavitg abdominal cavitg 

Fig 5 — One method of hindling sac in sliding hernia (mcu looking down into the sac) 


In the suturing of these flaps care should be exercised to aA'oid traumatizing 
the vessels in the medial leaflet The cut margins of the sac aie then brought 
together and sutured, so that the intestine now lies completely within the sac 
The bowel is then pushed into the abdominal cavit)'' and the neck of the sac 
is closed If used with caution this method is of value especially in 
cecal herniae 

Another method of obliterating the sac is that of Berger^ which differs 
from Garnett’s in that the uncut peritoneum on either side is united behind 
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the bowel, thus foiming a mesocolon covering the denuded area The stump 
of the sac is then tiansfixed beneath tlie mteinal oblique and transversahs 
muscles, as originally described by Ball- (1884), and subsequently by 
Kocher^^ (1892) 

In some instances in oui series of sliding heiniae, we have deviated some- 
what fiom the previous methods m that a fish-mouth-type of closure of the 
sac has been used (Fig 6) This method consists in overlapping that half 
of the sac which does not contain bowel over the other half which contains 
the fieed and reduced sliding loop of intestine Therefore, in this arrange- 
ment, the anterior surface of the bowel is covered by a double layer of 
peritoneum 


Aponeurosis £xt.Obl 
Internal Obi 
TmnsYcrsus - 
Pentoneutn 


sac 

colon 



tnternaf 


-pubis 

bfadder 



1 IG 6 — Fibh mouth closure of sic m sliding hernia 

Repaid of the Wall — Since heiniae of the large intestine are usually 
of good size, often with concomitant marked structural weaknesses at the 
internal ring and the floor of the canal, we consider the repair of the wall 
m such herniae of utmost importance In the majority of these herniae, 
particular!}^ the intrasaccular and simple acquned types occurring for the 
first time, we have employed the method of Ramos and Burton This 
method differs from the original Andrews^ procedure m the placing of the 
cord extra-aponeurotically instead of interaponeurotically, and the careful 
denudation of the transversahs fascia of any muscule fibers It is an all- 
fascia closure, obtained by suturing the fascia ti ansversahs to the recurved 
edge of the inguinal ligament, with imbii cation of the aponeurotic flaps of 
the external oblique muscle This method is based upon principles which 
are physiologically and histologically sound It may be used with consider- 
able satisfaction in those instances where there is no attenuation or absence 
of the fascia transversahs and no structural weakness of the inguinal ligament 
In our senes, 50 primary herniae of the large bowel were repaired by this 
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method Twenty-five of these veie followed foi an aveiage of 34 months, 
with three lecurrences (Table III) 


roLJon UP STUD^ 
Follow-Up — in Months 
72 to 84 
60 to 72 
48 to 60 
36 to 48 
24 to 36 
12 to 24 

Average months 34 
Exam by physicians 
Direct correspondence 


Taulp III 

AT trtRLY wrrRt \ls or 43 sliding hernue 

Number ol Cases 
5 
2 

4 

3 

5 

22 

Total 43 
27 
16 


Recurrences 

0 

0 

0 

1 

0 

2 

3 or 6 9% 
2 
1 


Table IV 


TYPES OF repair — NUMBER FOLLOWED AND RECURRENCES Or HERNIAE OF LARGE INTFSTINE 


Number of Operations 


Triplicate fascial closure SO 

Fascial sutures (Galhe^ and McArthur'®) 14 

Cooper's ligament 2 

Pedicled fascial graft 2 


No Followed 
2a 
14 
2 
2 


Recurrences 

3 

0 

0 

0 


In primary herniae of the large intestine, with attenuation of the fascia 
transversalis, we employ a fascial suture according to the method of Gallie," 
or McArthur Fourteen herniae have been repaired by this method, with 
no recurrences 

In recurrent sliding herniae the mural repair is a more formidable under- 
taking Usually careful evaluation of the structures will reveal marked 
thinning or absence of the fascia transversalis, which requires replacement by 
like tissue without tension if reasonable success is to be expected In the 
two cases encounteied m our series we elevated a pedicled-graft of fascia 
lata, passing it through the femoral canal and then fanning it out and uniting 
it to the lateral edge of the lectus sheath This is a modification of Wangen- 
steen’s-" method Those herniae recurring a second or third time should 
also be repaired by this method The two cases in which this method was 
used have been followed two years, without lecurrence 

Wheie there is fragmentation or inadequacy of Poupart’s ligament but 
with strong and retentive fascia transversalis, teimed endo-abdominal fascia 
by Dickson,® Cooper’s ligament should be used for anchorage in lieu of 
Poupart’s, as originally described by Lotheissen^^ (1898) Follow-up 
examinations in the two cases in which this type of lepair has been used 
reveal the most resistant walls of any repaiis we have used In fact, we 
have been so favorably impiessed that we are employing this technic m an 
increasing number of cases, especially in those having marked laxity of 
the flooi 

herntocediotomy 

Some of the more adventurous surgeons have intioduced a celiotomy 111 
addition to the usual methods of obliterating the sac and repair of the wall 
Their contention is that the better exposure permits of gi eater dissection 
of the dislocated loop, enabling 1 eduction of the bowel to its former position 
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and then fixing it in this position by stime type of colopexy A second 
consideiation pointed out by those favonng this method is that the bo\\el 
is suspended and does not rest on the internal abdominal ring as m the 
usual heinial repaii Theoi etically the hei nioceliotomy may possess certain 
advantages ovei the routine plastic procedures that aie generally employed, 
but the complications which may obtain by introducing anothei incision and 
the consequent tiauma outveigh the dieoietic advantages We, therefore, 
believe as does Bevan, who states “It is veiy desirable not to complicate 
the opei ation m itli a lapai otomy ” Moi eovei , with a i ecuri ence rate of 
only 69% in oui senes, we aie reluctant to change oui basic ideas in dealing 
with sliding herniae until gieatei success has been shown by other methods 
than IS apparent in the statistics so fai lepoited In those massive herniae 
m which the fascial flooi no longei ofteis any lesistance to the egiess of the 
bulging mass, and peihaps the type ideally suited foi a celiotomy, we feel 
that the letentive stiuctuie can be leplaced successfully by using a pedicled- 
giaft of the iliotibial tiact of fascia lata 

In deference to those surgeons who aie exponents of hei nioceliotom} , 
leference is made to Morestin’s”” method After disposing of the sac, as 
does Berger he makes another incision thiough the abdomen, withdraws 
the bowel and sutures the base of the newly formed mesocolon to the iliac 
fascia The inguinal repair is completed m the usual manner MacKid^® 
uses the bi-incisional technic, leplacing the sliding loop of bowel and fixing it 
there He then corrects the ledundant peiitoneum by overlapping the lowei 
loop on the upper, w^hich produces a double layei of peritoneum over the 
front of the bow^el In the lepair of the canal, the aponeurotic flaps aie 
imbricated without tiansposition of the cord and without using the fascia 
transversalis 01 internal oblique muscle, 01 distuibmg the relationship of 
the funicular stiuctures 


SUxMMARY 

1 The embiyologic development, classification and diagnosis of inguinal 
herniae of the large intestine have been discussed 

2 The operative findings in 68 herniae of the large bow^el have been 
tabulated 

3 Methods of closure of the sac and the complications that arise in 
mobilizing the bowel have been redescnbed 

4 Indications foi vaiious technical procedures m the repair of the w^all 
in primary and recurrent sliding herniae have been discussed and evaluated 
The types of operations perfoimed in this seiies have been tabulated 

5 A statistical analysis of 2,614 consecutive inguinal herniae lepaired at 
this hospital reveals that 68 w^eie heiniae of the large intestine Of these, 
54 w^eie the sliding type, and 14 the simple, acquired type The sliding 
herniae formed tw'o per cent of all those repaired Forty-three primary slid- 
ing herniae, follow ed for an average of 34 months, showed a 1 ecurrence rate 
of 6 9 pel cent 
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The linea semilunaris (Spigeln jis the line of tiansition between the 
muscle bundles and aponeuiosis of the tiansveisus abdominis muscle Its 
convexity is outwaid, it lies faithest fiom the lectus maigin at the level of 
the umbilicus, decieasmgly distant fiom theie downwaids It does not 
coincide with the line of transition m the internal oblique, which, unless 
extreme muscular aplasia exists, follows the lectus maigin quite closely 
Lateral to the rectus and medial to the musculai poition of the transveisus, 
the aponeurosis of the lattei is almost inseparably adheient to the posterioi 
surface of the internal oblique muscle However, and particularly at the 
point wheie the aponeuiosis passes foiwaid and fuses with that of the internal 
oblique, theie are found numerous, up to 3-4 mm , irregular slit-like defects 
It IS here, at the junction of the semilunar and semiciiculai (Douglas’) lines 
that almost all reported lateial ventral heiniae have been found, 1 e , lateral 
to the lectus, medial to the musculai poition of the tiansveisus, and at or 
below the fold of Douglas, which usually foi ms pai t of the ring It is possible 
that these defects aie widened by the outward pull of the accessoiy slip of 
internal oblique desciibed by Chouke^® as occurring in a majority of indi- 
viduals They certainly vary with the major variations in Douglas’s fold, 
described by him, and by McVay and Anson 

Many authors, following the anatomic studies of Feiiand,^'* Thevenot 
and Gabouid,^® and Beaudoin, ° have asciibed great etiologic significance to a 
lateral branch of the deep inferior epigastiic artery tiaveising one of these 
defects Koljubakm,^® alone amongst others who have searched for them, 
has found them with frequency, anatomically, 01 reported them as emerging 
through the hernial ring Thei e is a 1 elatively constant small lateral 

branch of this aitery running upwards and outwards behind tlie lectus 
It is not constant m the point of passage into or through the transversus , 
It lies m front of the transversahs fascia hence not pieicing that important 
structure The defects commonly seen are larger than any through which I 
have seen this artery pass The artery probably has slight etiologic im- 
portance Propel itoneal lipoma preceding the heinia has been frequently 
described It may be noted here that the relatively uncommon direct in- 
guinal hernia with a small tight neck, a prehernial lipoma and a marked 
tendency to sti angulation is a hernia thiough Spigel’s line, emerging through, 
rather than below, the liansveisus aponeurosis The fiequency with which 
semilunar line hernia has occuired m the subjects of other herniae, and 
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with straining, in subjects with weakened abdominal walls impels one to 
consider congenital susceptibility, muscular atiophy, piegnancy, obesity, 
emaciation, chronic cough and severe muscular effort as immediate predis- 
posing factors 

Although spontaneous lateial ventral hernia had long been known, Klin- 
kosch was the first, in 1864, to locate it specifically m Spigel’s line Since 
that time, there have been many anatomicosurgical reviews of collected 
cases L 2 . 5 , iG, 18 , 19, JO, jg Allowing foi duplications, and excluding cases 

unquestionably not spigelian heinia, theie have been 99 true spontaneous 
cases reviewed , I have been able to find reports of 13 additional,®’ “■ 

2., 24 , 25 niaking, with the four heie to be reported, 116 Only four cases are 
1 eported in the American literature There is one collective re- 

view,^® and one good textbook account In tbe 20 years since Holloway,^® 
and Auge and Simon'^ reviewed a total of 58 cases, one case has been re- 
ported m America, 53 elsewhere 

The heinial ring is lateial to the lectus maigin, seldom above Douglas’ 
fold, lying at the junctuie of the middle and outer thirds of a line from 
anterior superior spine to umbilicus It ma}’ be fi om o 5 cm to 2 cm m 
diameter, seldom laigei Bonetto® described one of 4 cm The edges aie 
a sharply defined defect in the transversus aponeuiosis The upper, and 
upper-lateral maigms aie made ciescentic and sharpei by the edge of 
Douglas’ fold 

The sac is formed of peritoneum and occasional!)^ fibers of the tians- 
versahs fascia Its thickness seems to depend on duiation It penetrates 
the transversus aponeuiosis and the internal oblique muscle or aponeurosis 
It may then spread beneath the external oblique aponeuiosis, seldom pei- 
forating this relatively free laj’ei Hence, the hernia is commonly mtei- 
panetal, the “masked” henna of Macready The sac may be from pea 
to orange size Enormous heiniae have been described b) Jaboulay,'* Le Mane 
and Pitschke Lobello,^® and Fouimei Biandtner,® Berger,' and Nystiom“^ 
reported bilateial spontaneous semilunar heiniae Coley^^ felt that the semi- 
lunar hernia he repoited was traumatic in oiigin, but the typical location 
and character of the ring, the interparietal sac, and the presence of indiiect 
and direct inguinal herniae suggest that tbe indicated fall was only inci- 
dental Steimker'* obseived a similar case at autopsy Goldergei and Pane- 
bianco^^ described a large hernia in the semilunar line above the umbilicus, 
associated with epigastric, para-epigasti ic and umbilical heiniae Scopi- 
naro”^ examined m life and at neciopsy a six-day-old infant with congenital 
strangulated spigelian henna in mIiicIi a fecal fistula formed Two biotlieis 
had died at seven days and six iieeks of age 1 espectivel} , of identical 
conditions The fathei had bilateial inguinal herniae 

Adhesions, i\ith 11 1 cduciiiility nicaiceiation and sti angulation have been 
commonest in the laigei heiniae small intestines and omentum are the com- 
mon contents of the sac, colon rarely In Case i of this repoit a sliding 
spigelian hernia of the sigmoid vas found Beaudoin desciibed a multi- 
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loculai, and ai^j^aiently sliding, si^igelian henna containing cecum, appendix, 
small intestine, and omentum The sac in Teales’ case contained colon I 
^^as able to find only these two cases lesenibling Cases i and 2 of this lepoit 
Spigelian heiniae, even of fan size, may be symptomless They may 
cause mild to seveie localized 01 moie diffuse neuialgic pain, aggiavated 
by straining and lelieved bv spontaneous 01 manual 1 eduction of the hernia 


Splenic 
1 le\uie 


Ti'ins\erse 

Colon 


Antenoily 

Fixed 

Sigmoid 

Loop 






Fig I — Case i Lateral roentgenogram showing the anterior fixation of the sigmoid 

loop, postoperative!) 


It may be impossible to palpate a small inteipanetal mass, especially in an 
obese patient Hoi\evei, a localized point of tenderness in the abdominal 
wall, significantly located at the site of the iing, can usually be found 
Watson-" feels this to be best elicited in the erect position It has seemed 
to me best demonstiated by palpating along the lectus margin of the supine 
patient, stiaimng to laise the head and shoiildeis This piocediiie quite 
definitely excludes visccial tenderness 

The foui heiniae, upon which this lepoit is based vere spontaneous, 
inteipanetal and located at the junction of semilunai and semicirculai lines 
One was laige multiloculai incaicerated, and strangulated One was a 
sliding hernia 
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Case 1 —A W , age 64 , a well-developed, well-nourished male, had done strenuous 
work in his youth, extensive walking during the past 10 years had been with effort 
because of an arthritic hip Two years ago (one year after an operation for strangulated 
right indirect inguinal hernia), he noted a “lump” on the left side, easily reducible b} 
pressure with his left thigh flexed When it protruded, especially in the morning, he had 



Fig 2 — Case i Showing anatomic relations of the structures ini ol\ ed, as noted at operation 


a dull aching pain and distress from “gas” He blamed his constipation on the lump, 
stating that if he held it reduced he could pass gas and have his usual morning bowel mo\ e- 
ment On three occasions I was unable to palpate the mass or the ring, and he could not 
produce the lump bv straining On November i, I937, be came in saying the lump was 
then present An indefinite mass w'as palpable at the lateral margin of the rectus muscle 
at the level of the anterior superior sp’ne It disappeared w'lth a gurgle upon lying down, 
the area remained moderately tender to deep palpation No ring was felt He was 
admitted to Oak Park Hospital 
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Opctation — No\ ember 2, 1937 Under novocain block, a transverse incision was 
made at the level of the anterioi supeiioi spine The ring was about 2 cm 111 diam- 
eter, and the thickened maigm consisted of tiansveisus and internal oblique fibers 
When he strained the sac piotiuded to a height of about 3 cm beneath the external 
oblique aponeurosis Ihe lateial wall of the sac w’as unpei itonized sigmoid colon 



3 — Case 2 Showing anatomic rdations of the structures mcohed, as noted at operation 


The incision in the sac w'as closed, the intestine pushed back, and the peritoneal sutuic 
anchoied to the lateral angle of the transversus aponeurosis Closure w'as by trans- 
verse imbrication of the ring maigins and simple closuie of the external oblique 
Recovery uneventful, and he has remained w^ell since 

Case 2 — T M , a well-developed, w'ell-nourished. somewdiat obese male, age 54, 
was admitted to the Cook County Hospital, August 6, 1939, at 7 30 P M He com- 
plained of colicky abdominal pain, nausea and vomiting, and obstipation for 48 hours 
He had had a hernial mass in the right low’er quadrant lateral to an old midrectus 
scai, slowly inci easing in size for 20 yeais The abdominal pain seemed to ha\e 
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oiiginated at that point Twenty-four hours previously a physician had unsuccessfully 
attempted reduction The past history was irrelevant except for appendicectomy in 
1914 He had nevei paid much attention to the hernia 

His abdomen was obese, there was doughy distention, the bowel sounds were 
infrequent and obstructive in character There was a large, bulging, irregular, firm, 
poorly defined mass m the right lower quadrant, lateral^ to the old scar The contents 
of the lowei half of this ii regular loculated heinia were reducible, of the upper, more 
tendei poition, irreducible His geneial condition was good 

O/irio/ioii— Under spinal analgesia, an oblique incision over the mass was made 
through skin and external oblique aponeurosis Lying between the external and 
internal obliques, the hernial sac had four walnut-sized loculations surrounding a 2 5 cm 
circular defect m the transversus and internal obliques at the junction of semilunar and 
semicircular lines The right lectus muscle was thin and atrophic Extending down 
to the inguinal region was a loculation of orange-size This contained reducible loops 
of undamaged ileum, the foui small ones contained adherent incarcerated omentum 
which was especially adherent to the ring No defects weie palpable at the umbilicus, 
the right inguinal and femoral rings 01 the inner surface of the appendicectomy scar 
After dissection and resection of the involved omentum, clean definition of the defect, 
and closure of the peritoneum, the transversus aponeurosis was imbricated trans- 
veisely with mteirupted niattiess sutures of silk The lining of the lower part of 
the sac was imbricated over this and the external oblique and skin closed He 
made an uneventful recovery, and upon examination, February 10, 1941, had no palpable 
recurrence 

Case 3 — V A, age 21, single, a well-developed, thin, white female, had had 
attacks of right-sided pain and soreness for a year It had been said to be due to 
appendicitis The pain disappeared on lying down and had no relation to alimentary 
rhythm There vv'as a small tender area, to which she pointed accuratelj', in the semi- 
lunar line just above the level of the anterior superior spine No mass or ring was felt 

Opeiatwii — January 29, 1939, at Oak Paik Hospital A transverse incision was 
made The iiitei nal oblique muscle was intact but thin, almost aponeurotic There was 
a I 5 cm elliptical defect in the transveisus aponeurosis, the upper margin being the 
fold of Douglas, through which the peritoneum bulged Closure as m Case i The 
appendix vv^as grossly and microscopically normal Recovery was uneventful, and relief 
has been complete 

Case 4 — A S, age 35, married, multiparous, a well-developed, well-nourished white 
female, had had almost similar pain, also disappearing upon reclining She had had 
a supracervical hysterectomy in 1936, and had been told that her residual left-sided 
pain was due to a slightly cystic left ovary No mass or ring was felt at the tender 
spot 

Opctafioit — August 3, 1939, at West Suburban Hospital A one centimeter ellip- 
tical defect in the transversus and internal oblique was found, slightly above the level 
of the anterior spine She has lemained fiee of pain following repair 

SUMMARY 

1 The anatomy of the transversus aponeurosis is reviewed, and observa- 
tions pertinent to the etiology of semilunar line hernia added 

2 Case reports appealing since the last collective review aie noted 

3 Constant location, interparietal “masked’ chaiactei, and appaiently 
fi equent strangulation ai e noted as leading to the belief that the hernia 
when small and uncomplicated is possibly frequently ovei looked as a cause 
of pain 

4 Four cases aie lepoited 
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Pa.rt I — Biologic Aspects 

In 1937, there was lepoi ted from this laboratoiy a method of preparing 
intravenous fluids based on a new principle ’> ^ As pointed out in that report, 
It was Siebert’s^-^ extension of Hort and Penfold’s'* work which laid the 
foundation for the vaiious methods of preparing intravenous fluids at pres- 
ent practiced m commeicial houses and hospitals Even the method described 
by Rademakei''* ' and the more recent and mechanically ingenious elabora- 
tion by Walter,®’ stem from Siebert’s original principle The principle, 
however, suffers from a ci itical weakness in the assumption that if the water 
used m the manufacture of the fluids is pyi ogen-free, then the resulting mix- 
ture must also be pyrogen-free But should the water become contaminated, 
say as a result of failure to clean the still, or should pyrogen be present in 
the chemicals used 111 making the solutions, the lack of provision for its 
removal is a notable disadvantage of the method It is, in fact, the lack of 
security behind the old working principle which impels manufacturers to test 
their intravenous fluids on the labbit Unfortunately, not even this precaution 
has entirely eliminated the occurrence of p^mogenic reactions As pointed 
out in a previous communication,” this failure is perhaps due to the inade- 
quacy of the test doses in use 

That chemicals occasionally aie contaminated with pyrogen has not here- 
tofore entered into consideration In pievious papers^- we have reported on 
the pyrogemcity of samples of inulm as they have come fresh from the 
manufacturer 

Table I shows the effect on test animals of samples of sodium chloride, of 
dextrose, and of sodium citrate, all “commercially” and “technically pure,’ 
which had been made into solutions with nonpyrogenic water and tested 
immediately after the containers had been opened The sodium chloride 
sample was the more reactive of two found pyrogenic in a test of 38 samples, 
an incidence of slightly more than 7 per cent The dextrose was the most 
reactive of four positive samples of 32 tested, an incidence of 14 per cent, and 
the sodium citrate was the most reactive of four of 1 8 tested samples, an 
incidence of over 22 per cent It may also be mentioned that sodium citrate 

* Aided by the Departments of Hospitals and Purchase of the City of New York, 

N Y , and a grant from the New York Foundation 
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IS usually more heavily contaminated than dextiose which, in turn, is usuall} 
moi e heavily contaminated than sodium chloi ide Because of the fact that test 
animals injected with such large doses of sodium citrate are liable to die in 
cardiac arrest, peihaps as a lesult of the blood calcium being thrown out of 
ionization, it is necessary to add an equivalent dose of calcium chloride to 
the sodium citrate test solution before it is injected 

Table I 

EFFECT or VARIOUS COMMERCIAL SOLUTIONS 




Test Dose Gm 


Weight 

Temp Rise 

Leukocj te Count 

Exper No 

Chemicals 

Vol Cc 

Animal Used 

Kg 

Deg F 

Change x 1000 

1 

Sodium chloride 

4 

SO 

Rabbit 

3 

1 2 


2 

Sodium chloride 

12 

ISOO 

Dog 

IS 

2 0 

— S 7 

3 

Dextrose 

7 5 

ISO 

Rabbit 

3 

2 0 


4 

Dextrose 

75 

ISOO 

Dog 

IS 

2 4 

—9 4 

5 

Sodium citrate* 

0 28 

11 S 

Rabbit 

3 

2 2 


6 

Sodium citrate* 

2 8 

IIS 

Dog 

IS 

2 8 

—8 2 


♦These dosages were calculated on the bases that the maximum dose of sodium citrate given to a 60-Kg 
man is S 6 Gm (3 liters of blood), and that the rabbit is approximately three times and the dog six times less 
sensitive to pyrogen than man An equivalent amount of nonpyrogenic calcium chloride was added to each 
sodium citrate solution 

The chemicals m these cases were perhaps contaminated b}- pyrogen in 
the process of manufacture Nonpyrogenic chemicals even in the “dry” 
state can, however, become pyiogenic on standing under unstenle conditions, 
as has been found by Smith^® to be the case with inulin, and by us with dex- 
trose, sodium citrate and heparin Apparently the better medium the chem- 
ical IS for bacterial growth, the more easily it becomes pyrogenic Humidity 
and a warm environmental temperature seem to accelerate pyrogen produc- 
tion, probably by acceleration of bacterial growth Among aerial contami- 
nants, Co Tui and SchiifU^’^ have found B pjoteus vulgaris and B siibtibs 
fairly prolific pyiogen producers In the light of these findings, therefore, the 
assumption that to guard against the occurrence of pyrogenic reactions it is 
necessary only to keep the water pyrogen-free can be costly as well as unsafe 
The problem will perhaps become increasingly acute with the increasing use 
of blood and plasma tiansfusions 

The adsoiptive filtiation method of preparing intravenous fluids difters 
from the older method in that it is based on the principle of filtering the 
resulting mixtuie of chemicals and distilled water through specially prepared 
compressed asbestos pads proved to remove pyrogen This method is effi- 
cacious not only for infusion fluids but foi all crystalloidal intravenous medica- 
ments With colloidal substances such as sera and gum acacia, however, it 
is ineffective The method has been in experimental use on the New York 
University Surgical Division of the Bellevue Hospital continuously since 
July, 1937 except for an inteimission of i6 months It is the purpose of the 
present communication to summarize the results of the experiment as well as 
to describe the practical method of manufacture which has been evolved 
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The piactical difficulties encoiinteied in the coiiise of this uork may be 
biiefiy discussed since they .ue difficulties which many hospitals and similai 
institutions which iindeilake the manufacture of then own infusion fluids 
wull have to face 

1 The first pioblem was the establishment of the criterion of pyiogemcity 
With fluids which are frankly pyrogenic, this is an easy matter since the 
symptom-complex of the pyrogenic reaction is a familiar one The difficulty 
was with fluids containing a borderline dose of pyrogen, which would elicit 
only a slight tempeiature rise easily missed m the four-hour routine ward 
temperatuie leadings but might, wdien administered in doses two or three 
times largei than the usual one, give use to a fairly seveie reaction 

It w^as therefore, necessary during the first six months of this experi- 
mental period to subject the fluids made to animal tests, using the rabbit and 
the dog, accoi ding to the technic described elsewhere “ If the fluids were 
found noiipyrogenic according to the tests, they w^ere then released for ward 
use The tempeiature leadings of all patients receiving the fluid w^ere taken 
hourly for four hours, both duiing and after the administration of the fluid 
In this way transient temperatuie rises could be detected 

2 The second problem was the elimination of contamination from exter- 
nal souices, such as the rubber tubings, glass connections and needles used in 
the dispensing set Originally, the latter were sterilized in the ward instrument 
sterilizers in common wnth contaminated pus basins and surgical instruments 
The occurrence of four reactions on patients in the first three weeks of this 
period led to tests of the water from the sterilizer Ten and 15 cc samples of 
this water gave unmistakable reactions m both rabbits and dogs This result 
led to the institution of a method of washing, packing and sterilizing the dis- 
pensing sets which will be described m a later section of this papei 

3 A thud difficulty was the presence of a yellowush-brown coloration in 
the solutions after they had been autoclaved This was first thought to be 
due to caramelization but has been attributed by Krno^® to the pioduction of 
levulimc acid In our preparation tw'O factors wei e found responsible for 
the coloration (a) The asbestos pads originally used were made for the 
filtration of fluids which did not have to be autoclaved They imparted some 
principle to the filtrate which caused the formation of this coloration on heat- 
ing The adoption of a pad specially prepared for infusion fluid use has elim- 
inated this factor, and (b) the second factor was overheating of the solution 
This occurred when, after sterilization, the autoclave pressure was permitted 
to sink so fast that the fluid inside the flasks began to boil over The film of 
fluid on the inner wall of the neck of the flasks evaporated and the residue 
became bi owned, imparting the coloration to the rest of the solution The 
1 emedy to this w^as obviously to lower the autoclave pressure so slowdy that 
no boiling over took place 

^ The fourth and most serious difficulty w'as the presence of shreds and 
particles in the filtrate While the injection of solutions containing these pai- 
ticles into numerous experimental animals caused no detectable symptoms, 
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then piesence ^as none the less objectionable It ^^as because of this difficult} 
that the use of these fluids was suspended foi i6 months m 1938 and the first 
pait of 1939. until a manufacturei could be found who would cooperate in 
devising means of eliminating these particles Jena filters, Chamberland and 
Beikefeld filteis were interposed at the outlet of the asbestos filter wnthout 
avail Finally, the difficulty was overcome by both improving the quality of 
the filter pad and interposing an aloxite fiber eliminator betw’’een the asbestos 
filter and the collecting bottle 

5 Standardization of filter pads The compressed asbestos pads, as now' 
prepaied for oui use by the Ertel Engineeiing Corp , aie calibiated with 
regard to two properties (a) The speed of filtration, and (b) degree of 
pyrogen 1 etentiveness 

Speed of Filfiafion — This is controlled by thiee factors The filtering 
pressure applied, the filtering aiea, and the composition of the pad The 
filtenng piessuie is safest at 12 lbs , and the filteimg area is limited by the 
size of filter practicable m hospitals Oui present filter takes pads of 12 
inches, with an actual filtenng area of 295 cm m diameter The pads aie 
made of asbestos and pulp The more asbestos used, the gieatei the pyiogen 
retentiveness, but the slower the filtration rate The interplay of these tw'o 
factors, theiefore, determines not only the rate of filtration but also the 
efficiency of the pads to remove pyrogen The pad now in use has a delivei y 
volume of two hteis every 25 minutes A six-hour filtration would, thus, 
yield 288 liters, which w'ould be more than enough to meet the daily requne- 
ments of a fairly large hospital Hospitals using larger amounts of fluid may 
enlarge the filtering area of the filtei by the method to be described later 01 
install two such filters 

Pyrogen Retentiveness of the Filte? Pads — The ability of these pads to 
remove pyrogen w'as shown in a pi evious w'ork^*’ to be due to adsorption and 
not to sieving This means that the property can be exhausted It is, there- 
fore, necessary so to standaidize the pads that they are not only uniform but 
also possess such a margin of safety in pyrogen retentiveness that they i emove 
the maximum amount of pyrogen which can occur in the distilled w'aters and 
the chemicals in use 

In order to calibiate the pads m this respect it was necessary to secuie a 
sample of pyrogen and use it as a standard The pjrogen used in this work 
was isolated from the cell-free Berkefeld filtrate of the supernatant portion 
of concentrated stock suspension of typhoid vaccine (i cc =88 billion cells) 
From seven hteis of this suspension, four giams of the substance w'as }ielded 
The method of isolation as w'ell as the chemical and biologic aspects of this 
substance wall be leported elsewdieie It is necessary, howe\er. to state that 
the substance is still in the crude stage, containing six per cent nitrogen, 
which on furthei purification has been reduced to i 6 per cent The biologic 
(p}rogenic) potency of this crude sample, called “p)rogen-A” has been 
determined on labbits, dogs, and men Table II shows the eftect of different 
doses of this piepaiation If the minimum effective dose (]\IED) is aibi- 
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tranly defined as that dose, per kilo body- weight, which on intiavenous in- 
jection A\ill cause a tempeiature use of 08° to i o°F, the MED in rabbits is 
o I gamma, in dogs, 04 gamma, and 003 gamma in men The leason for 
using this ciude substance as a standard instead of the more puiified sub- 
stance IS that the process of purification is so tedious that it may be a long 
time before enough of the puiei substance can be available for this puipose^ 
In any case, the biologic calibration of ‘pyiogen-A” makes it unnecessary to 
wait for the purei preparation 

Table li 

EFFECT OF DOSES OF P^ROCEN- A IN RABBITS DOCS AND MEN 


Subject 

Weight 


Temp Change 

Leukocyte Count 

Kg 

Dose per Kg 

Deg F 

Change x 1000 

Rabbit 1 

3 0 

0 12 

0 8 

Rabbit 2 

2 S 

0 12 

1 0 


Rabbit 3 

3 0 

0 12 

0 9 


Rabbit 4 

3 0 

2 0 

3 S 


Dog 1 

IS 0 

0 3 

1 0 

—6 1 

Dog 2 

16 0 

0 3 

1 1 

— S 5 

Dog 3 

IS S 

0 3 

0 8 


Dog 4 

16 0 

2 0 

3 2 

—10 2 

Man 1 

S2 0 

0 04 

1 2 


Man 2 

64 0 

0 04 

0 9 


Man 3 

72 0 

0 04 

1 1 


Man 4 

70 S 

2 0 

S 0 



Process of Cahhiatmg the Pads — One milligram of “pyrogen-A” (1000 
gammas) is weighed out on a sensitive analytic balance and dissolved in 100 
cc of pyrogen-free distilled water Ten cubic centimeters of this solution 
contains 10 gammas of pyrogen Amounts of from five cubic centimeteis up, 
in multiples of five, are filtered through test pads of a convenient size mounted 
in convenient filters The filtrates are then tested in both rabbits and dogs 
Table III shows the piotocols of some of these tests 


Experimental 

Weight 

Animal 

Kg 

Rabbit 1 

2 5 

Dog 1 

16 0 

Rabbit 2 

3 0 

Dog 2 

IS 0 

Rabbit 3 

3 0 

Dog 3 

IS 5 

Rabbit 4 

2 5 

Dog 4 

16 S 

Rabbit S 

3 0 

Dog S 

IS 5 


Table III 

CALIBRATION OF FIJ,TER PADS 


Volume 

Total Dose Pyrogen 

Prefiltrate 

in Prefiltrate 

Cc 

Gamma 

30 

300 

30 

300 

35 

350 

35 

350 

40 

400 

40 

400 

45 

450 

45 

450 

50 

500 

SO 

500 


Temp Change Leukocyte Count 
Deg F Change X 1000 

— 2 

+ 1 — 2 
+ 2 

25 — 3 

+ 15 

+ 1 + I 

+ 4 

+ 2 — 8 

+ 4 

+ 8 —12 


It Will be seen from Table III that the pad removes nearly 500 gammas 
of “pyrogen- A ” Since the pad is 2 5 diameter, it has a surface of 4 9 

sq cm , and, therefore, each square centimeter removes over lOO gammas of 
“pyrogen-A ” The filtering surface of the four large filter pads used in the 
hospital filter assembly are each 29 5 cm in diametei, making a total filtering 
area of 2734 sq cm The amount of pyrogen removable by the entire filter 
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asbembly is appioximately 273400 gaininas Since about 140 gaiiuuas aic 
lequired to cause a tempeiatuie use of 5 6° F in an ci\eiage man of 70 kilos, 
this filtering aiea will lemove about 1953 such doses 

When applied to solutions of sodium chloiide 01 dextiose in distilled 
\\ater this range of safety is moie than ample as the amount of pyrogen 
contained in any combination of these three substances in the usual dose is 
tenuous and, further, the filtei-pad assembly is made to dehvei not more than 
288 liters with each filtiatioii The case of sodium citrate lequires special 
consideration As shonn m Table I, giam foi gram, the contamination of 
pyiogen 111 sodium citiate is heaviei This, honevei, is moie than offset b} 
the fact that the dose of sodium citrate used pei 500 cc of blood is usually in 
the neighboihood of 1875 mg m 75 cc of watei This, by n eight, is only 
about one-fifth of the dose of sodium chloride 111 one htei of physiologic salt 
solution and less than one-twenty-seveiith of the dose of one liter of 5 per 
cent dextiose solution Therefore, m making sodium citrate solutions, it is 
only necessaiy to use two filter pads and restrict the manufacture to not more 
than 300 doses 

These calculations aie admittedly based on biologic effects, and assume 
that pyrogen fi om sources other than the typhoid bacilli have the same potency 
per unit-weight as typhoid pyiogen This assumption has no direct experi- 
mental basis at present The only justification for applying the figures 
derived from “pyrogen-A” to the pyrogenic substances found 111 these fluids, 
whose exact source is unknown, is that they have so fai held true m the 
samples whose pyiogemc content was loughly detei mined by the biologic 
test, then filtered through asbestos pads of the required area and then retested 
and found negative for pyiogen In the absence of more exact knowdedge, 
this appioximate correspondence for the piesent can be used as a rough 
working principle This method of pretesting before filtration may be used 
for any intravenous matei lal whose maximum pyrogenic content has not been 
as thoioughly studied as have those of dextiose, sodium chloride, and sodium 
citi ate 


RESULTS OF 42 MONTHS* TRIAL 

Duiing this experimental period, 3867 liteis of intravenous fluids pie- 
pared by the nonpyrogenic method have been administered They may be 
tabulated as follow'S 



Amount Gi\ cn 

Total Gnen 

No of Administrations 

Liters 

Liters 

ISIS 

1 

1815 

652 

2 

1304 

123 

3 

492 

64 

4 

256 

Totals 26S4 


3867 liters 


In none of these w^as there a reaction One patient wdio complained of a 
chilly sensation after receiving 1000 cc did not have a temperature rise It 
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IS dear that if any pyrogen was present in the solutions, it was in such minute 
amounts as to be below the MED even in three to four liters 

Part II — Mechanical Aspects 

The parts which comprise the entire filter assembly may now be enumei - 
ated and the moie important items described The filtering portion of the 
assembly is diagrammatically represented in Figure i It consists of a com- 
pressed nitrogen or an tank, A, which furnishes filtration pressure, the leser- 
voir, B, which holds the piefiltered mixture, the filter itself, C, the aloxite 
fiber eliminator, D , and the collecting flask, E 



Fig I 

The reservoir, usually of 250 liter capacity, is made of stainless steel, and 
may be equipped with an electric stiirer 

Figure 2 illustrates the essential parts of the filter as well as the path 
taken by the solution passing through it It may be seen that each filtei pad 
IS held between two perforated Monel metal plates or frames, the three form- 
ing a pad-frame unit Two such units form a compartment The fluid flows 
from the solution inlet. A, into a conduit system, B, which splits it into two 
streams One stream filters through one pad downward and the other upward 
to meet in the collecting chamber, C, situated between the two pad-frames 
From C the solution is conducted into the second compartment to haA'e the 
process repeated, after which the conjoint stream from the second collecting 
chamber, D, passes through the fiber eliminator into the collecting flask 
Both the latter aie to be described m a subsequent section 
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Since provision is made in the present filter to accommodate two addi- 
tional compaitments, the filter has a still wider range of usefulness than has 
been calculated Any one of the tliiee factors — capacity, speed of filtiation, 
or retentiveness — can be increased two-fold by this doubling of the filtration 
area The stieam m this case would be split in foui instead of tuo as in the 
filter illustrated in Figure 2 

Figure 3 IS a photograph of the filter ensemble A is the spindle with 
wdnch the pads aie loaded and unloaded and the filtering system len- 
deied w^atei tight B is the filtei mg system, C is the pressure gauge, D the 
housing for the aloxite fiber eliminatoi, and E the outlet The self-autoclav- 



FiG 2 


ing system, F, consists of a steam generator in which the souice of steam used 
IS pyiogen-free distilled water It may be heated electrically, b}^ gas, by house- 
steam, or by an oil buinei The steam generated is led into the inteiioi of the 
filter by the flexible hose, G The course of the steam through the filtei is 
identical with that of the fluid wdiich follow^s it and wdiose course has been 
described in the foi egoing paragraph 

The aloxite fiber eliminatoi is a thick, finely porous filtei made of car- 
boiundum Because of its composition it is sturdy and may be heated to a 
tempeiature high enough to destioy any pjrogen which may have developed 
m the interstices of the stone 

The dispensing part of this s}stem, mainl} the collecting and storing flasks 
and accessories, is essentially the same as that described by Walter It 

IS the most satisfactory one available at present, made to wuthstand hard 
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usage and in thiee Aeais of use has sufleied the minimum amount of bieak- 
age It has, ho\ve^el, the slight inconvenience of having too mam paits 
Figuie 4 illustiates the pait of this s}stem ivhich consists of A, pyrex 
flasks of specially lUgged construction of one to two liters capacity, preferably 
graduated, B, a one-hole rubber bushing to fit the flask, C, a special stainless 
steel stopper with a partially giooved stem, D, a two-way vent tube for the 
administration of the fluids and for the admission of air into the flasks to dis- 
place the fluids 



Vic 3 


The bushing, B, is of special rubbei which can stand 500 sterilizations 
without shrinking It is piovided uith a hole in the center for the insertion 
of the two-way vent tube when fluid is being administered, and for the nisei - 
tion of the steel stopper when the flask is not in use The stopper is provided 
with a partially grooved stem which is fitted parti) into the hole of the bush- 
ing while sterilization takes place The groove allovs equalization of inside 
pressure with outside pressure When sterilization is completed the stem 
of the stopper is pushed all the way in, as in E, the umbrella of the stoppei 
serving as an hermetic seal for the lubber bushing 

The original Feiiwal-tube is shoit so that the flask end is submeiged in 
the fluid when the flask is inverted for administration Theie aie two objec- 
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tions to this featuie Fust, when the infusion is being given, the an which 
enters the flask to displace the fluid has to be bubbled through the fluid 
This, in effect, means the w^ashing of looo to 2000 cc of unsteiile air m the 
infusion fluid Bactenologic cultuies of ten samples of fluid subjected to this 
kind of an-w^ashmg gave thiee positive cultuies By the simple device of 



lengthening the tube so that the flask end extends abo\e the suiface of the 
fluid when the flask is inveited. this washing effect is avoided 

No positive cultuies weie found in ten fluids subjected to this sjstem of 
an displacement If it is desired to admit absoluteh sterile an into the flask, 
the an vent maj be modified in such a way as to accommodate a small sterile 
Bcrkefeld candle This was ougmalU used b\ us but later discontinued 
because of inconvenience 


421 



CO TUI AND WRIGHT Annais of Surgerj 

September 1942 

The second objection to the short original Fenwal- vent-tube is that unless 
special caie is taken, the fluid is as liable to flow through the air vent as 
through the fluid vent 

The split ring bracket, F, is simply a wire basket for suspending the flask 
in an inverted position when the flask is in use 

Some reference must be made to the still which delivers distilled vatei 
for making the solutions Since the still is the heart of all other processes, 
much emphasis has been laid on it W'hile it is our opinion that the undue 
concentration on the still has lulled to rest suspicion of othei possible sources 
of pyiogen, we believe that the still must be cleaned periodically so that it 
adds no pyrogen to the distilled water to lower the factor of safety of the 
filter Moi cover, it must be large enough to deliver the necessary amount 
of distilled water to be used foi cleansing as well as to make the solutions 
themselves A still that delivers lo gallons of water per hour (40 liters), 
will be sufficient to meet the needs of the average hospital The periodic 
cleaning also does away with incrustrations which lower the output of 
the still 


CARE OF THE PARTS 

The Resewoi} The reseivoir when new must be rinsed first with soap 
and water and then copiously with distilled water Subsequent care after 
every use consists in rinsing it out thoroughly with distilled watei and then 
drying it 

The Filtei When new, tlie conduit system of the filter is rinsed thor- 
oughly with distilled watei Thereafter, the same rinsing process is repeated 
after each use 

The Aloute Fibei EhmiuatO} After every use, the surface of the stone 
fiber eliminator is simply flushed thoioughly in older to wash away the par- 
ticles and shreds which may be caught on its surface After washing, it is 
placed in an electric oven at a temperature of 120° C for one hour to dry 
This temperature sterilizes the stone so that pyrogen production within the 
interstices of the stone is halted 

Fenzval-Flasks, eic The initial cleaning and subsequent care of the 
Fenwal -flasks, rubber bushings, steel cages, and the modified vent tube have 
been described by Walter and need no extended treatment here Suffice it 
to say, that the flasks are washed and brushed with hot soapsuds and rinsed 
first in tap and then in distilled water until the walls run homogeneously 
clear The same treatment should be applied to the other glassware, namely 
the vent tube and the drip as well as to the steel stopper An occasional 
treatment of the glassware with a cleaning mixture of i 5 cent solution 
of sodium dichromate in concentiated sulfuric acid may have to be resorted 
to in order to get rid of spots in the glassware difficult to eliminate other- 
wise The rubbei bushings when new^ are first scrubbed wnth soap and 
watei until no further powdery substance is given off, then iinsed wnth 
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distilled water The rubber tubings when new arc likewise rinsed uell with 
hot soapsuds and then with distilled watei Immediately after each washing 
the rubber tubings, the vent tubes, the drip and the needles are wu apped and 
packed m a convenient container We have used foi this purpose a specially 
constructed coppei cylinder, one foot long and 2^/2 inches in diameter, pro- 
vided with a detachable cap as w^ell as holes in the w^all to allow penetration 
of the steam m the autoclave After steiilization, the holes aie closed b) a 
special sliding device and the set stoied foi future use 

Pieparahon joi Filtiation The flasks wuthout the rubber bushings in 
place are sterilized in the hospital autoclave The rubber bushings and the 
steel stoppers are also sterilized but separately from the flasks 

The filter with pads mounted on the fiames is sterilized by its oum self- 
autoclave for 30 minutes at 18 pounds pressure After that it is allowed to 
cool to a temperature convenient for handling 

The solution is mixed in -the reservoir The reseivoii is then connected, 
on the one hand, wuth the nitrogen tank and, on the other hand, with the 
inlet of the filter The collecting and storing flask is placed at the outflow' 
tube of the filter and filtiation is begun by turning on the gas gradually to 
12 pounds After discarding the first foui liters, the flasks are then filled one 
by one 

After collection, the flasks are partially stoppered with the stainless steel 
stopper in such a way that the groove in the stem of the stopper allows com- 
munication of the inside of the flask with the outside (Fig 4) The flasks are 
then put into the autoclave and sterilized at 250° F for 30 minutes After 
sterilization, special care is taken to have the piessure in the autoclave grad- 
ually diminished so as not to cause boiling The stem of the steel stopper 
may then be pushed home, in wdiich case a paitial vacuum is created as the 
solution cools This partial vacuum, which helps retain the stopper in place 
and causes a water-hammer effect when the bottom of the flask is struck w ith 
the fist, maj' be used to indicate whether the stopper is leaking aftei storage 
After the flask is sealed, it is stoied until needed 

Just before administei mg the fluid, the steel stopper is removed from 
the flask with a locking and unscrewnng motion The flask end of the twm- 
way vent tube is now inserted thiough the hole m the rubber bushing to the 
point where one of the two dilations on the glass tube just slips into tlie flask 
beyond the rubbei bushing The flask is inveited, placed in the ring bracket, 
and the infusion started 

Calculation of Costs This method requires an initial equipment which 
may be divided into two paits, an ineducible item w'hich consists of the 
reservoir and the filter, and an item wdnch can be expanded according to 
need, namely, the flasks and then accessories The lubber tubings and drip 
and needles do not entei into consideration here as they will ha\e to be used 
in any case The irreducible equipment costs about $1000 If the cost of 
the flasks for initial use is set at $600 and to this is added pai t-time labor 
of $50 a month, wdnch can be expanded into full-time labor as the need arises 
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the total may be set at $2200 Any hospital which expends this amount of 
money a year foi infusion fluids will not incui a loss, even in the fiist yeai, 
by adopting this system Beyond the first year the savings are substantial, 
the larger the amount of fluids used, the moie substantial the savings, since 
the only items of expense will be the cost of replacements, material and labor 

But the savings are not the entiie con‘'ideiation The safety from pjTO- 
genic reactions in intravenous medication, especially in blood and plasma 
banks, should be the major consideration, particularly during war times 
Instances are known of tens of liteis of blood and plasma which have had to 
be discarded because the sodium citrate used was pyiogemc This type of 
saving has not entered into the above calculation but maj'' be the majoi item 

SUMAIARY AND CONCLUSIONS 

1 Methods of intiavenous fluid manufactuie which depend only upon 
the puiity of distilled watei used have no provision foi dealing wuth pyrogen 
should this substance be piesent in the final mixtuie and, therefoie, do not 
entirely eliminate pyiogemc leactions 

2 Chemicals have been shown to be occasionally contaminated with 
pyrogen 

3 The adsorptive filtiation method of prepaiing assuredly nonpyrogenic 
fluids, described five years ago, has been developed into a piacticable and 
convenient method for hospital use 

4 The compressed asbestos filter pads, around w'hich this method is 
built, have been calibrated for speed of filtiation and pyrogen retentiveness 
The factor of safety is shown to De moie than ample foi the most exacting 
use in the manufactuie of phjsiologic salt, dextiose, and sodium citiate 
solutions 

5 The unifoimly nonpyrogenic lesults of 42 months' use of fluids nianu- 
factuied accoiding to this method are leported 

6 The mechanical aspects of the method are desciibed 

7 The method not only eliminates pyiogemc reactions but is also more 
economical than the use ol commercial fluids 

The authors wish to acknowledge their grateful thanks to Dr Edward M Berneker, 
Commissioner of Hospitals, to Commissioner Albert Pleydell and to Mr A M Moore 
of the Department of Purchase, City of New York, for their encouragement and co- 
operation in furnishing the equipment for the completion of this work, to Dr William 
F Jacobs, Medical Superintendent of Bellevue Hospital, for the privilege of installing 
the experimental filter in the Bellevue Hospital, to Mr Francis X Dealj, of the Ertel 
Engineering Corp of New York, for his cooperation m the mechanical phases of the 
problem, and to Dr Wilfred Ruggiero, Messrs Arthur Yates, Angelo Benaglia, and 
Milton Schrift for their constructive suggestions, to Dr Ralph S Muckensus, of the 
Bureau of Laboratories, City of New York, to Lederle Laboratories, Inc, and to E R 
Squibb & Co we are indebted to for supplies of the stock suspension of tvphoid bacilli 
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A knowledge of the plasma protein level is desirable in all surgical cases 
It IS an absolute necessity in many suigical emergencies Therefore, there is 
general interest in any means by which the blood plasma level may be quickly 
estimated 

Very frequently it is impeiative to know whethei oi not the patients 
plasma proteins have fallen below' a given point The exact plasma protein 
level IS often unimportant We meiel)' w'ant to know if the piotein is about 
noimal, less than noimal, or in the dangerous range of five Gm or less 
per 100 cc of plasma A vaiiation of a tew tenths of a Gm makes little 
difference Theie often may be this much variation in the individual patient 
The means heie suggested by which this estimation may be carried out 
is not new We have borrowed liberally from others^’ - " ^ and have meiely 
reapplied certain previously repoi ted principles to suit the piesent needs 
The method depends upon the lelationship between specific gravity and 
protein content of a given plasma This is applied by using tubes containing 
solutions of varying specific gravities The specific giavities aie adjusted 
so that they will equal given protein plasma levels Therefore, when a drop 
of plasma is placed in the test solution, it will sink if it contains moi e protein 
than that represented in the test tube Likewise, it wull float if it contains less 
Specifically, we have made test solutions containing xylene and bromo- 
benzene ® Using approximately 75 per cent of the former solution, bromo- 
benzene was added until the correct specific gravity was obtained This 
was determined by testing a portion of the mixtui e with a drop of potassium 
sulfate test solution having the desired specific gravity 

In the tests here described arbitrary specific gravities weie selected 
These were chosen so that they w'ould have specific gravities corresponding 
with blood plasmas of 5 o 58, and 65 Gm pei 100 cc , respective!) 
The specific gravity values w'ere obtained from Weech s formula 

It IS simpler for the average laboratory to use serum rather than plasma 
in these tests Therefoie, the amount of plasma fibrinogen w'as substracted 
from the values given above The usual value of fibrinogen is o 27 Gm 
per 100 cc " Then, for example, to obtain the specific gravity of blood plasma 
having 6 5 Gm per 100 cc , wdien using serum for the test, o 27 Gm w'ere 
substracted from 6 5 Gm The 1 esult is 6 23 Gm The specific gravity cor- 
responding to this protein content is 1 0253J when figuied b) Weech s 
formula or taken from Scudder s tables ‘ 
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Tluee such specific giavities were aibitraiily chosen and solutions were 
made of xylene and bi omobenzene to con espond with these specific gravities 
As noted, this was done by means of test solutions of potassium sulfate 
These test solutions were titrated against the usual fallmg-drop apparatus 
m the laboiatory After the desired specific gravities were obtained, the 
potassium sulfate solutions were then used to titiate the specific gravities 
of the xylene-bi omobenzene solutions This lattei operation was done by 
talcing samples of the mixtuie in which xylene made about 75 pei cent 
Xylene or bi omobenzene w^eie then added cautiously, until a diop of the 
potassium sulfate test solution remained suspended half w'ay m the small 
test tube sample With the tubes thus caiefull) adjusted the) weie lead} 
for tiial with the unknown blood seium 
The values selected w^eie as follows 
Tube No 

(1) 50 Gm — o 27 Gm = 4 73 Gm = sp gi i 0209 

(2) 5 8 Gm — o 27 Gm = 5 53 Gm = sp gr i 0231 

(3) 65 Gm — o 27 Gm = 6 23 Gm = sp gi i 0253 

From the foregoing it wall be noted that the tests are inn on serum, but 

the results aie given loughly m Gm of plasma protein pei 100 cc 

Therefoie, w^hen the determination is run, a dioplet of serum from the 
patient’s clotted blood is allow'ed to fall into each of the thiee test tubes 
If the serum contains less piotem than that indicated on the tube, the seuim 
droplet will float If it contains moie, it wall sink 

Of couise, the paiticuiai specific gravities may be alteied to suit any 
individual requirement Ihe specific gravities used heie seem to cover amply 
the needs of the usual suigical case Foi instance, any blood which shows a 
plasma protein less than five Gm (seium floats in this tulie) indicates that 
the case is extiemely ciitical, requiiing emergency measures If the serum 
sinks m the five-Gm tube but floats in the 5 8-Gm tulie, the plasma protein 
must be betw^een these levels This w'ould indicate a seiious situation, but 
one not demanding the immediate attention cited in the fiist example Like- 
wase, w^e have aigued that blood containing moie than 65 Gm pei loa 
cc of plasma needs no piotem theiapy This at least holds tiue foi the 
suigical patient 

It is essential that the xvlene-bi omobenzene mixture be maintained at a 
knowai definite temperatuie dm mg the tests In the piesent instance they 
weie titiated at 25° C (77° F ) Theiefoie the tests on the unknown plasma 
must be lun at this temperatuie This is necessary since the specific gravity 
of the xylene-bi omobenzene solution changes lapidly with any change in 
temperatuie A variation of 1“ C fiom 25" C makes little diflerence How- 
evei, a 5° C vaiiation pioduces an erroi which makes the test ciiiite useless 
The tempeiatuie is easily maintained by means of a glass of water and an 
ordinaiy thermometei The thiee tubes aie placed into this simple water 
bath for one or two minutes before running the lest It is moie accurate 
to keep them immersed while dropping the seium into them 
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If plasma is used instead of seium, a substration of o 3 Gm 
mate) must be made from the final lesult 

The three tubes (Fig i) aie used but once and then discaided 
aie cheap and become inaccurate AMth lepeated use 



I'lG I — Estirmtion of Plasrm Protein A drop of 
serum from the large test tube on the left has just 
been placed in the center small tube This tube has a 
specific gra\it\ equal to plasma protein of 5 8 Gm 
per too cc Since the drop is sinking to the bottom 
of the tube, the serum must contain protein in excess 
ot 3 8 Gm per 100 cc 


(appi 0X1- 
They 

So that theie ^Mll be 
no confusion m identifying the 
thiee tubes, a red dye was added 
to color the solutions Foi this, 
Sudan IV was employed The 
solution in the 6 vgi am tube was 
stained i ed that in the 5 S-grain 
tube was stained pink, and the 
5 -gram tube was left colorless 
1 he tubes weie dosed with cork 
stoppeis Aftei closuie the 
coiked ends weie dipped in a 
thick celluloid-acetone solution 
This proved satisfactory foi at 
least a few months How much 
longei it would prevent evapora- 
tion IS not known Rubber corks 
weie puiposely avoided because 
of the action of xylene on rubbei 
Caution Seveial points of cau- 
tion should be mentioned in this 
biief desciiption Fust of all, 
the sjiecific gravities of the solu- 
tions must be extremely accu- 
late Carelessness in titiatmg 
the solutions may jiioduce eiiois 
of nearly one giam m the final 
lesult 

All tests must be um at the 
tempeiature used m titiatmg the 
oi igmal xylene - bromobenzeiie 


solutions A vaiiation of one degiee «_eiitigiade fiom this oi igmal temoeia- 
luie cannot be exceeded 

Small test tubes (2 cc ) vere used foi economy This necessitated caie 
and piactice in getting the dioplet of seium to fall into the solution without 
touching the sides of the tube A small pipette giving small drops was an 
aid in this step 

Readings must be made m the fiist half minute 01 minute after the diop 
of seium is intiodueed into the solution Occasionally, if this is not done, 
enough diffusion of eleetiolyte takes j^laee so that a false leading is obtained 

Tubes must be opened just befoie the test They aie inexpensive and 
therefoie, can be discarded aftei 
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Last!}, the limits of this test foi plasma piotem must be lull} icah/cd 
It lb a lough detei mmation hut pobsihK a life-baMiig one m an cmeigcnc\ 

SUMMAKV 

1 A simple test for the rapid estimation of plasma protein is outlined 

2 The test depends upon the utilization of solutions of known spccifie 
giavity Into these aie placed droplets of seium fiom the blood to he tested 
This estimation of the specific giavity indicates loiighly the amount of piotem 
pi esent 

3 The test is ciudc hut accuiate enough foi the usual suigical patient 

4 This pioceduie is not suggested as a substitute foi any of the methods 
of plasma piotem detei mination now' in use such as the quantitative balance 
and voliimetiic pipette method, oi the fallmg-diop method It is suggested 
foi use in the small hospital unit, foi ships and units of the mihtaiy foices 
wheie such tests aie not now' available Heie it might well be a hfe-saving 
guide in cases of seveie hum tiauma, oi shock 
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It is well known that certain strains of staph3dococci will produce the 
clotting of citrated plasma 2. s These stiams contain the so-called “coalase 
factor” which is considered to be different from the toxin that produces the 
hemolysis and the tissue necrosis 

Much,'' in igo8, showed that the anticoagulant hirudin did not inhibit the 
clotting of plasma by staphylococci Giatia** also obseived that both hiiudni 
and peptone would not inhibit the clotting of plasma Cobra venon and chlo- 
rozal-fast pink likewise do not pi event the c’otting of plasma by staphylococci ■* 
Walton^ has recently demonstrated that heparin has no effect on the clotting 
of citrated plasma as produced by a staphylococcal Berkefeld-V filtrate 

In the present expenment hepaiin has been studied to determine its 
effect on the clotting of both whole blood and citrated plasma by staphylo- 
cocci Some of these strains contained the coagulase factor Observ'ations 
are also included on the effect of staph3dococcus toxin on the clotting of 
blood and citrated plasma 

Mateiials and Methods — Cultures of the following staphylococci were 
used in these studies 

Strain A — Staphylococcus auieus — Stock culture 

B — Staphylococcus auieus — Otitis media 

C — Staphylococcus albus — Otitis media 

D — Staphylococcus auieus — Otitis media 

E — Staphylococcus albus — Skin of arm — No lesions 

F — Staphylococcus citi eus — Skin of arms — No lesions 

G — Staphylococcus auieus — Stock cultme 

All of these strains were nonhemol3'tic wdien giowm on the surface of 
blood agar plates made with human blood The organisms were growm m 
nutrient broth for 4 to 24 houis before the3'- ivere added to either citrated 
plasma or w^hole blood The amount of the inoculum was o i cc 

Citrated human blood and citrated human plasma w^ere obtained from the 
blood bank It was usually the blood from syphilitic patients The concen- 
tration of sodium citrate ivas o 4 pei cent Rabbits’ blood w'as obtained b3' 
bleeding the animals from the heart The concentration of sodium citrate m 
this blood was o 77 per cent The rabbit plasma contained the same quantity 
of citrate as the blood 

* Aided by grants from John and Mary R Markle Foundation, and the Unnersiti 
of Tennessee 
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In some of the experiments four cubic centimeters of either blood oi 
plasma was used while in others the plasma was diluted three parts of plasma 
and one of saline In each experiment the volume of each of the constituents 
was kept constant Test tubes i 5 x 12 cm were used The) weie usuall) 
kept for two hours m the water bath at 37 5° C, and then in the incubator foi 
varying periods up to 48 hours 

The defibrinated blood w^as obtained from both man and rabbit It was 
defibrinated with glass beads The staphylococcus toxin was piepaied In 
Lederle laboratories Tw^o one-hundredths (002) of a cubic centimetei of 
this toxin produced complete hemolysis of 2 o cubic centimeters of a i o jiei 
cent suspension of rabbits’ red cells The toxin was detoxified by healing it 
for five hours m a water bath at 56° C One cubic centimeter of this heated 
toxin did not lyze the above concentration of rabbits’ cells 

Heparin* was used in these experiments both m the presence of sodium 
citrate and as the only anticoagulant When used as the latter, one part of 
heparin w^as added to three of rabbit blood The quantity of heparin added 
to the citrated plasma and the citrated blood varied in the dififerent experi- 
ments The exact quantity is given in the protocols One cubic centimetei 
of this prepaiation contained 10 mg of the sodium salt of hepann 

In this experiment w'here suspension of staphylococci w^ere used the 
organisms w^eie giown on the siiiface of agai slants for a8 houis The) weie 
caiefully w^ashed fiom the agar suiface and again washed foui times in laige 
amounts of saline The bacteria were then suspended in saline The followf- 
ing dilutions of the saline suspension of staphylococci w^ere used Undiluted, 
i-io and i-ioo 

EApemnental Studies — Observations on the Clotting of Citrated Blood 
and Plasma by the Strains of Staphylococci Used 111 this Experiment The 
results obtained follo\Mng the inoculation of the tubes of both the citrated 
blood and the ciliated plasma wath the seven strains of staph) lococci are given 
in Table I The rate at w'hich the clot formed \aiied in the rabbit and the 

Table I 

CLOTTING OF BLOOD BT STAPin LOCOCCt 
Rabbit Citrated Blood* Human Citrated Blood 

Time in which Clotting Occurred 
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* 3 0 cc ot 

the blood -f 

I Occ of 

'ahnear.d 0 1 cc of broth culture used in each tube 

Water bath 37 

5® C 


for 3 houri and then put into incubator at 37 S'C 
t 0 = no clot, ’ = questionable clot, + = clot 
1 Clots frequentlj dissoUe after \arjing periods of time 


*This preparation of hepann is Liquaemtn It was supplied b\ Roche-0 rpanon Inc, 
Nutlet, New Terset 


43! 



RIGDON A.ND HA\ NES 


Vnnils of Surscrj 
September 10 4 2 

luinian blood Theie was also some Aaualion m the time of clotting- of the 
different batches of citrated plasma The time in winch clotting occuired 
was likewise influenced by both the age and the' size of the inoculum The 
clotting occurred more rapidly when o i cc of a 24-hours’ broth culture was 
used than it did when an equal quantity of a five-hour growth was added 
The length of time ni which the clot persisted following forniation vaiied 
ni the rabbit and the hunian blood In the lattei blood and also 111 citrated 
human plasma the clot frequentl> reiiianied foi 48 hours at winch time the 
tubes were discarded The clot in the rabbits’ blood began to liquefy after 
approximately six hours, and sometimes after 24 hours the blood had re- 
turned to a fluid state Hemol3Sis began to occur 111 the rabbits blood 
shortly after the clot developed Extensive hemolysis was present within 
24 houis It appealed to us that the rate of liquefication of the clot in the 
rabbits’ blood increased with the inciease in the degree of hemolysis The 
stiains of staphylococci that failed to pioduce clotting also did not lyze the 
red cells Essential!) no hemolysis occurred in the tubes containing the 
human blood 

Eftect of Staphylococcus Toxin on the Clotting of Citrated Plasma In 
the preceding expeiiment it w'as suggested that the clots were dissolved 
through the eftect of the toxin liberated by the staphylococa Tubes of citra- 
ted human plasma weie inoculated wnth the stiains of staph) lococci that pio- 
diiced clotting \Vhen a clot w^as well formed one cubic centimeter of staph) lo- 
coccus toxin was added This quantity of toxin produced no macroscopic 
changes in the clot during 48 houis ot incubation at 37 5° C 

This observation was repeated with citrated rabbit plasma, since the lab- 
bit cells w ere more susceptible to the hemolytic action of the toxin Following 
the appearance of a clot in the rabbit plasma o 5 cc of staphylococcus toxin 
was added to a senes of tubes An equal amount of heated toxin was added 
to a second senes foi the contiol The clot pioduced by some strains of the 
staphylococci was definitely decreased in size and appeared softer m con- 
sistency aftei 20 hours of incubation Staphylococcus toxin appaiently had 
no effect on the clots in human plasma 

Observations on the Rate of Formation of the Clots m Human Plasma 
It appeared fioin the early observations m this experiment that both the age 
of the broth cultuie and the amount of growth influenced the rate of develop- 
ment of these clots To study this fuither one of the stiains of staphylococci 
(G) was giowm on the suiface of an agai slant The organisms w'ere washed 
and suspended in saline One gioup of tubes containing four cubic centi- 
meters of citiated human plasma were inoculated wuth o i cc of this sus- 
pension of oiganisms A second senes wnth a i-io dilution, and a third with 
a I -100 dilution The tubes inoculated with the concentrated suspension of 
organisms were clotted after three hours of incubation Those inoculated 
with the i-io dilution weie found clotted aftei 18 hours, wdiile the set of 
tubes inoculated w ith the dilute suspension w^ere clotted only after 48 hours 
These obsenations wmuld suggest therefoie, that the clotting of citiated 
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human jJasma lebults fiom either some substance ot some change m tlie 
medium produced b} growing staphylococci The stiains of staphylococci that 
produced the clotting of citiated blood and plasma when inoculated into 
tubes of defibrmated blood did not pi oduce any clotting 

Effect of Heparin on the Clotting of Ciliated Blood and Plasma by 
Staphylococci It has been shown in these expeiiments that certain strains 
of staphylococci w'hen added to citrated blood and citrated plasma will pro- 
duce clotting Since hepaiin is an anticoagulant its effect was studied on 
the foimation of these clots by the different strains of staphylococci One 
cubic centimeter of hepaiin ( lo mg ) was put into each of four sets of tubes 
Thiee cubic centimeteis of citiated human blood was added to one set of 
tubes, a corresponding amount of citrated human plasma was added to the 
second set and an equal quantity of citrated rabbit blood was added to the 
third Each lube w^as inoculated wnth o i cc of a broth culture of the se^ en 
strains of staphylococci Clotting occurred in the tubes with the heparin the 
same as m the conti ols m w Inch one cubic centimetei of saline w as added 
To study further this phenomenon of clotting, labbits’ blood was obtained 
directly from the heait and it w'as put immediately into a flask with heparin 
(i part hepaiin and 3 paits blood) and foui cubic centimeters of this blood 
w^as then put into each of a group of test tubes These tubes w^ere inoculated 
wnth a bioth culture of staphylococci Clots foimed in this blood m the 
presence of a 25 pei cent coiicenti ation of hepaiin as readily as they did m 
citiated rabbit blood in wdnch saline w’as substituted for the heparin It was 
evident, therefore, fiom these observations that the failure of heparin to 
inhibit the clotting of both citiated plasma and citrated blood in the presence 
of ceitain strains of staphylococci w^as not the result of the neutralization of 
the heparin by the sodium citrate 

Discussion — Ceitain stiains of staphylococci when inoculated into citrated 
human plasma and citiated labbit blood produced a clot This clotting of 
citiated blood w'as similar to the clotting of citrated plasma by the "so-called” 
coagulase producing stiains of staphylococci Hepaiin when added to both 
citrated blood and citiated plasma in a 25 pei cent concenti ation had no 
inhibitory effect on the foimation of the clot Other anticoagulants such as, 
hirudin, cobia venon and chloiazol-pink likewise have no inhibitory action 
on the foimation of clots by^ staphylococci in citrated plasma 

It was necessaiy foi fibrinogen to be present in the blood for clotting to 
occur w’hen the medium w as inoculated w ith staphydococci This w as c\]ien- 
mentally shown by the failuie of clotting to occui in defibrinated blood from 
Ixith man and rabbit Some change occui red in the blood m the presence of 
growing staphylococci to produce this clot The rajndity' in which the clot 
formed was influenced by the size of the inoculum Rabbits’ citrated blood 
and plasma weie clotted more lapidly by the sta]ihy locotci used in this study 
than the citiated human blood and the human plasma Citrated human plasma 
from different induiduals also clot apparently at different rates by the same 
strains of stapln lococci 

43 ^ 



RIGDON AND HAYNES \nnais of SurRer\ 

September 19 42 

The substance responsible for this dotting of blood and plasma was not 
present in the preparation of staphylococcus toxin used in this experiment 
Walton^ observed that a Berkefeld-V filtrate of 2 to 14-day cultures was 
active in the clotting of citrated plasma He tested the filtrate of ten strains of 
staphylococci, eight of which clotted before filtration, and found that none of 
them were active in the clotting of plasma These observations suggest, there- 
fore, that the filtrates from only certain strains of staphylococci can produce 
the clotting of citrated plasma The dissolution of the clot m rabbits’ blood, 
accompanied by hemol} sis, suggested that this process of clotting and that of 
hemolysis were produced by different substances Walton has stated that 
“the clotting principle is distinct from the toxin responsible foi local inflam- 
mation and fixation ” 

The dissolution of the clot m rabbits’ blood and plasma apparently oc- 
curred as the result of the effect of the toxin liberated by the growing staphy- 
lococci and also by the toxin piesent in the filtrate useci in this study The 
failure of any dissolution to occur in the clots in the human blood was inter- 
esting m view of the fact that human red cells were not lyzed by the strains 
of staphylococci used in this study Red blood cells from man are usually 
more resistant to the hemolytic action of staphylococci than rabbit red cells 

It may be significant that heparin has no effect on the clotting of blood as 
produced by different strains of staphylococci Heparin is now being used in 
conjunction with chemotherapeutic agents in the treatments of certain types 
of staphylococcal infections ® If heparin acts similarly vi vivo and in vitro 
Its effect on thiombophlebitis may be expected to differ with the different 
types of staphylococci 

SUMMARl 

The “coagulase” strains of staphylococci produce clotting of citrated blood 
from both man an 1 rabbit 

The clot that is formed in rabbits’ citrated blood by these strains of 
staphylococci gradually dissolve This dissolution appaiently results from 
the action of the toxin liberated by the growing bacteria on the clot 

Heparin in a 25 per cent concentration does not inhibit the clotting of 
blood as produced by the “coagulase” strains of staphylococci 
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DRAINAGE AND WOUND CLOSURE TECHNIQUE 
IN APPENDICITIS OPERATIONS 
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Deaths from appexdicitis throughout the United States continue to be 
appallingly high Deaths from appendicitis in man} of tlie large hospitals 
in the United States are extraordinarily low This indicates that technique 
and experience are important An appendicitis operation may be one of the 
easiest operations m surgery or one of the most difficult. Entireh too many 
operations for appendicitis are being performed m the United States b\ 
doctors A\ho lack this skill in technique and experience 

Problems of ivound closure depend a good deal on wound-making and 
the necessit} for drainage Incisions for appendicitis should be made as close 
to w here the appendix is located as possible The iiiinmial amount of damage 
should be done to the abdominal wall The} should be made so that drain- 
age when necessar} will be effectual and as free from postoperatne com- 
plications incidental to introduction of foreign body material into the peri- 
toneal ca\Tty as possible 

Variations m the situation of the appendix are well known Recognition 
of Avhere the appendix is situated (Fig i) can be gained before operation to a 
considerable degree of accuracy by a careful stud} through (i) percussion 
tenderness earned out with an eAcn degree of gentle pressure (2) deeper 
graded finger-tip pressure, (3) rectal examination, and (4) the stud} of a 
plain roentgenogram of the abdomen which m a large number of cases, will 
show a charactenstic gas shadow of the cecum and ascending colon 

The best incisions for acute appendicitis operations are illustrated m 
Figure 2 The IMcBurne} incision is unquestionably the best incision unless 
there be some con\incing reason otherwise It can be made slight!} high or 
slightly low Where more exposure is needed especial!} toward the midline 
the V'eir extension through the linea semilunaris into the rectus sheath, 
wath retraction of the rectus toward the midline often makes a difficult 
operation relatiAeh eas} In certain cases of doubt as to diagnosis espe- 
cial!} if a resection of the nght colon ma} be needed a transverse incision 
(Fig 2C) just above the iliac crest to just below the umbilicus is a good 
one In certain cases where tlie diagnosis ma} be questionable or there is 
indication of a large pelMc abscess with extensions to the right and left 
iliac fossae a midline incision (Fig 2D) ma} be indicated The so-called 
right rectus inasion should be mentioned onh to be condemned not onh from 
tlie standpoint that drainage through such an incision creates a drainage tract 
with coils of small intestine on all sides but also because the drams are 
liable to injure the superior mesenteric lessel to the small intestine and 
the right colon The posterior sheath and peritoneum of a right rectus 
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^ of the “clock dnl for con\eniencc of dci^nption in appendicitis McBiirnev’s pfnnt 

one h'llf inch below the junction of the outer thirds of 'i line from the umbilicus to the 'interior superioi 
spine, IS used as a center The ininiheis eg 12 12 12", at the intersection of the radiating lines 
avith the circles are used for localiz ition descriptue purposes The outer circle reaches to the midhne 
below the umbilicus Points to the left of the midltne hive 'i capit'il L added 

< In appendicitis records especialh for anjone making an nitensne stiidj of the subject the 
o clock method for precision in charting symptoms, ph>sical signs, operatne technic, and pathologic 
nncImgSj has n number of lather ob\ious 'id\ 'int ige«i 


INCISIONS 

Pig 2 — A AIcBuriiey’s point One half inch below the junction of the outer md middle thirds 
of a line from the anterior superior spine to the umbilicus 

B B McBurne>’s incision On the left side this incision is shown to be o\er the aponeurotic 
portion of the external oblique On the right side, it is shown in relation to the internal oblique At 
this level the internal oblique fibeis are trans\ersc The trans\ersalis muscle is trans\erse throughout, 
so that at this point direction of the two muscles is the same 

Common faults in making this incision are (i) the skin incision is made unnecessarily long Skin 
stretches more than one anticipates after the deep fascia is cut, and (2) it is made too near the mid 
line often m the linea semilunaris and the rectus sheath iinintentionaIl> If drainage be required 
it is well in the great preponderance of cases to ha\e the drains well awaj from the niidline and 
small intestinal coils 

When convincing e\idence of abnormal situation of the appendix exists, the incision can be made 
a little high or a little low , or a Weir extension into the rectus sheath made according to obvious 
demands 

C Transverse incision Suited for cases where the cecum has not descended and the appendix 
is high or when the appendix is retro or laterocohc, or where a lesion that ma> require resection of 
the right colon is difficult to distinguish from appendicitis 

D Midline incision \\ hen accurate diagnosis is impossible the signs preeminentlj pehic, or 
pelvic organ disease not unlikelj, this incision gives the best exposure with the least disturbance to 
the highl> specialized neuromuscular structures of the abdominal wall It should be borne in mind 
however that where the cecum is in its normal iliac fossa position, and an inflamed appendix tip 
in the pelvis, the McBurnev incision with or without the Weir extension, is the incision of choice 
One should differentiate between two associated factors in determining tre incision best adapted 
for appendicectomy First the site of the cecum, and second the site of the appendix itself A 
preoperative roentgenogram may be of great assistance in determining the cecal site but the clinical 
signs may be of greater v'^alue in determining the site of the appendix A cecum situated norm'illy 
in the right iliac fossa niav be associated with an appendix whose inflamed tip mav be under tnc 
liver or deep in the pelvis Fasv access to the cecum helps appendix removal li.as> access to tiie 
appendix — especiallv its tip — also aids removal ,, , , j j x 

Thus i preonerative roentgenogram that almost alwajs will show gas shadows indicating the 
site of the ascending colon and cecum coupled with the findings on clinical examination, maj con 
siderabl> help determine the best site for an incision that will provide best exposure for removal n 
least harmful site for accurate and adequate drainage Such reasonmg and forethought ma> save 
life Indeed it is its lack that more often than we think ma> be the one determining factor that 
makes it impossible for a case to get well 
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incision may be ven difficult to close, especiall} if theie be distention 
Omental and intestinal adhesions to this impel tect closme occm, especialh 
when this incision is made at the level of the umbilicus and below The light 
rectus incision is lesponsible foi a large numbei of postoperative intestinal 



“three-point” retraction for sight 

Fig -5 — ‘Seeing: the situation” should he the suigeon’s first thought when the 
peritoneum is opened A good exposure aids 11101 e than anything else in finding 
the appendix quicKh and leinoMiig it with inininnl h inn Two reti actors m i> 
give i good \iew, hut three are bettei Delicaca, jirecision ind using the tjts 
and head to guide the hand is priceless The good surgeon is alwass a gentle man 


obstuictions It would be wise to do away with the light rectus incision in 
the middle and lowei abdomen entueU 

\ltei opening the peiitoneum thiough a MeBuinc} incision the hi si 
thing an operator should lemembei is to stuch his prolilem In sight The 
piactice of immediateh putting one’s finger thiough a small opening and 
seal clung foi an inflamed appendix with the finger-tip and then making an 
efloit to pull it out legal dless of its pathologic condition is bad Thiec- 
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point retraction (Fig 3) provides an excellent method for seeing, before 
doing The cecum, or ascending colon, should first be looked for' They 
are recognized, of course, by means of longitudinal striae Once found, 
these striae lead to the appendix In making this search retraction should be 
outwards, because the cecum and ascending colon, lie usually along the lateral 
abdominal wall, posteiiorly The appendix stump should be inverted without 
ligation It IS well known that other methods are advocated by many, 
but they are not as good surgery 

It often takes much skill and expeiience to lemove a badly infected 
appendix, especially with abscess formation Much has been said recently 
about draining the abscess and leaving the appendix in There are oc- 
casional cases where this is advisable This is where skill and experience 
count The proper thing to do is always to remove the appendix unless 

there is convincing evidence that it is wiser to leave it 111 Where there is 

skill and experience, the appendix can practically always be removed, and 
if done carefully and accurately, it is much the better thing to do 

The reasons for drainage aie not always too obvious, and the trite 
lemark “when m doubt, dram,” has a certain quality of value In many 

cases, a careful history, as to the length of fwie serious infection, with likely 

spread into the mesentery and surrounding paits, enough to cause necrosis 
of tissues in the neighborhood, that cannot be removed, is of value The 
writei recalls assisting the late Dr Joseph Blake, over 30 years ago He 
removed a gangrenous appendix, and sucked out consideiable real pus 
from the pelvis and peritoneal cavity, yet closed the wound At that time 
the writei was amazed The boy got well, without complications The point 
was that the boy had felt appai ently perfectly well only four hours previously 
He had hardly had time to develop secondary necrosis in the tissues out- 
side of the appendix The necrotic tissue had been removed by the removal 
of the appendix, and in spite of the fact that the pus was almost creamy, 
the tissues, left behind, retained their nutrition adequately to care for the 
brief contamination they had been submitted to Contamination precedes 
infection Infection is dangerous Infection that has had long enough time 
to make dead tissue is still more dangerous Factors that contribute to 
infection, that leads to devitalization of tissues left behind, provide reasons 
for drainage Long operations, much handling, many ligatures, colon- 
content contamination, foreign bodies, insecure inversion, exposure of retro- 
peritoneal tissues, that are fai less able to care for infection tlian the peri- 
toneum itself, evidences of mesenteric thrombosis with its associated devitaliz- 
ing effects and true abscess formation, all of these, are reasons for drainage 
Useful principles and methods of drainage are indicated in Figures 4, 5> 6 
and 7 Where theie is little evidence of necessity foi draining the peri- 
toneal cavity, but wheie the infection has been considered a serious one, 
especially in stout people, and vhere resistance may have been impaired, 
drainage of the wall either to the peritoneum or to the aponeuiosis is often 
safei than closure There are times when a loosely packed cigaiette 
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Fig s — Variations in the attachments of the lower pole of the nic^sentci ' 
(d apres Turnesco Traite^ d Anatomie Huniaitie Testut) 

A Cecocolic junction This is the classical, normal arrangement 
B At ileocecal \al\e 
C Ascending colon 
D Terminal ileum 

These "variations especiall> A B and C show how reidilj disseininatioii of 
infection to the pel\is and to the left niesenterocolic space (Fig 4 F) can occur 
in the niajorit> of cases Of course, in the hterocohe, retrocolic and antecohe 
appendices this rule does not obtain 
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I"iG 6 — Appendicitis with abscess drainage through a AIcBnrnej incision How to dram and 
leave a “vide open” wound “closed” without suture 

A Fairly large, rubber tubes with soft walls These are fenestrated and beieled, and used single 
or double One limb of the double tube is cut a little longer than the fenestrated limb and left 
without holes This can be used subsequently foi irrigation purposes A loosely packed piece of 
gauze tape can be used for a few hours in the fenestrated tube to prevent a blood clot from filling 
the tube The inner ends of these tubes should be accurately placed, not necessanlv to w'here purulent 
exudate is found, but where the tissues have been killed by the infection and slougli has already oc 
curred, or is expected, to occur Eaily removal of such tubes is not to be expected They must he 
left in long enough to maintain a tract until sequestration and separation of the dead sloughs fioni 
the living tissues is complete Gently loosening them and cutting off their protruding ends, bit by bit 
making sure that their inner ends still reach the bottom of the sinus without causing undue pressure — 
letting them “shorten themselves” — is an art requiring judgment and experience 

B Cigarette drain Gauze should not protrude from the inner end of this drain It is not as good 
a drain as a tube It is a “plug” and, as such is useful in keeping wounds opeiii with the minimal 
risk of causing pressure necrosis Wheie infection necrosis is minimal, when the length of time has 
been so brief as to make it seem unlikely that, though the appendix may be necrotic, the tissues left 
behind, after its removal, are not seriously de\italized, a cigarette drain may serve the purpose of 
maintaining the wound open for about 48 hours, with less likelihood of causing pressure necrosis than 
a tube There are probabh a certain number of cases where the proper use of tubes has been the 
determining factor in saving the patient’s life and the use of cigarette drains inadequate On the 
other hand, it should be clearly understood that the improper use of tubes can do just the opposite It 
is the way in which they are used, nice precision and experience that count 

C A sheet of thin China silk This, fenestrated or not, is far preferable to gauze, when used 
gainst the tissues to keep the wound open yet prevent evisceration as the inner lining of a tampon 
One or more short cigarette drains, used inside silk, make an excellent tampon and are easily remoaea 
or replaced without causing pain or hemorrhage 

D A salt shaker is eniplosed foi convenience in dusting the crystals of sulfanilamide, sulfathiazole 
or other medication, on or in the silk tampon, or in the wound 

E The tubes in place with a safety pin beneath which dressings can be placed to jireveiit then 
lieing pushed m further than intended 

F Foui cigarette drams giving bulk to the tampon, inserted just through the peritoneuni to niaiii 
lam the iinsiituieu wo ’iid wide ojicii and prevent evisceration 
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1 IG 7 — Drains and materials used for ‘staple suture ’ uound closure 

A Small, large, soft single, and double rubber tubes 

B Silk containers filled with gauze Crjstals of sulfanilamide or sulfathiazole 
etc , can be smeared on the outside or put inside these containers and used as replace 
ment drains in the sinuses after remoxal of the tube drains 

C Cigarette drains Gauze does not protrude from their inner ends 

D A sheet of China silk to be used for tamponade 

E A sheet of sponge rubber A roll of this wrapped m boric ointment gauze 
provides a good buffer on xxhich to seat the shot fasteners on the skin surface bearing 
of the “staple” suture described under Fig 8 ■■ i . 

F Reverdin needle This, or larger skin needles, are useful in placing staple 
sutures 

G Small cutiele clipper useful in making the split shot Even better >et are 
pruning shears, one blade of xvhich is sharp, the other flat 

H Strong silk sutures with split shot fasteners 

I A split shot held by a pair of pliers An elastic band about the handles holds 
the shot in place before crushing 
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dram (Figs 6B and 7C) a shoit distance into the peritoneum, to be le- 
moved ^\lthln 24 oi 48 houis, ma} be advisable In considering tlie seiious 
infections, howe\ei, of the peiitoneal cavity, soft rubber tubes (Figs 6A 



A The lower part of a midline abdominal wound to be left 
open for drainage 

B The suture Strong silk passes through the skin on the 
left side through the anterior sheath and peritoneum, and often 
through the inner portion of the rectus, then through the peritoneum 
and anterior sheath on the right The tough fibers of the an 
tenor sheath (Imea alba) if the incision has been carried slightly 
to the left of the midline is used to bear the burden of the 
strain This, after all, is the one structure in this wound capable 
of doing so Two or three centimeters awa> the suture is passed 
in reverse direction This brings the opposing bearing on the skin 
surface 

C This shows the wound closed and a method for handling 
the skin surface bearing A roll is made of sponge rubber 
w rapped in boric ointment gauze The sutures are passed through 
this and fastened bj split shot Often the skin falls together in 
correct apposition so that sutures are unnecessary In infected 
cases the subcutaneous tissues can be left open without weakening 
the closure 

From the standpoint of tune consumed, sunplicitj minimal 
strangulation of tissue number of sutures, strength of closure 
avoidance of wound infection, and the amount of “foreign body” 
material left in the wound, this method is best, in my experience 

and 7A) aie the best They piovide a space m the depths of the peiitoneal 
cavity comparable to the smface of the body into whicli exudate can imme- 
diatel) accumulate under minimal tension Foi many yeais now, it has been 
lecognized that closure of the wmtind about such drainage, wdiere the infec- 
tion has been a serious one and theie has been much necrosis, is inadvisable 
Howe\ei, if the wound be not closed, evisceration mar take place alongside 
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the tubes A good ^\ay to pi event this is the use of a China silk tampon 
(Figs 6C, F and yD, C) into which have been inserted cigarette drains 
packed with somewhat more than the usual amount of gauze that is not 
allowed to piotrude from then innei ends These give bulk and can be 
easily and painlessly lemoved m a few days because they do not stick The 
silk tampon is subsequently lemoved with minimal disturbance to the tissues 
It comes m contact wnth , fai less than if gauze weie used 

The use of sulfanilamide, or sulfathiazole, and the newei similai drugs 
(Fig 6D) locally, has been pretty well pi oven of real value from the standpoint 
of their bacteiiostatic eftects It can be dusted as a fine powder on the silk tam- 
pon (Fig 6F) desciibed above, after the silk has been wet with salt solu- 
tion, or dll ectl} into an abscess cavity or over the tissues of the wound in the 
abdominal wall In similai tash.on these drugs can lie used on long, finger- 
like sacs made of silk and filled with gauze tape (Fig yB) for subsequent 
dressings, especially aftei the tubes have been lemoved Wounds tieated 
this way aie ceitaml)' freei of foul-smelling “colon” pus and heal moie 
lapidly and wnth less neciosis than heietofoie 

Ihe use of a tampon to prevent evisceration w'hen it is desiiable to have 
a small wmund wnde open, is usually adequate, even though distention occurs 
This is not so in a largei wound such as m some midhne wounds Figures 
SB, C and 7E F, G, H, I, indicate the principles that make the “bolt-” 
01 “staple-type” of sutuie lehable This gives the strongest closure with 
the fewest sutures and least neciosis The wmund can be left wide open foi 
diamage, 01 not If used coiiectlv, even the skin edges ma) be so niceh 
apposed as to need no sutuies 
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In Februar3^ 1941. MasoiU made a plea that bums l)e legaided as sm- 
gical wounds, and thought that lesults might be improved if the same pim- 
ciples used in tieatment of other traumatic wounds be followed These 
piinciples of cleansing, debridement, hemostasis, closure, and rest, are well 
known and geneially accepted Moi cover, it is known that they hold only if 
wounds are cared for within a few houis following injury, preferabl) within 
SIX hours ceitainl) not longei than 12 houis It is probable that this simple 
view of bums has not previously obtained because of the wide extent of 
the injury and the pooily understood cause of the shock found in severe bums 
Without going into the vaiious theoiies of shock pioduction, it now seems 
probable that shock in bums is, foi the most pait, due to fluid loss from the 
burned surface, and into the tissues about and beneath the burn , this loss of 
fluid accounting for the deciease in cii dilating fluid and piotein and relative 
increase in blood cells With this better understanding of burn shock, it is 
now possible to moie adequatel)^ control it by plasma administration guided 
by frequent hematociit, and plasma piotein deteiminations In fact if the 
bum IS seen soon, it is possible, within certain limits to foiestall shock by 
leplacing plasma as it is lost It, therefore, becomes possible, in even exten- 
sive burns, to save patients whose injuiies would formerly have caused death 
from shock within a few hours of the injuiy 

The extent of the wound and its tieatment then becomes incieasmgl} 
important, for we aie now able to save patients with wmunds of much gieatei 
surface-aiea But with the partial solution of this problem another has ap- 
peared These patients may be successfully carried through the initial shock 
period only to succumb as long as one to three months later This late death 
is probably not entirely due to infection, although this is the geneiallv 
accepted view It may be that there is a loss from these extensive open 
w'ounds of necessary body constituents not as yet understood 

There are various facts which support this view Extreme emaciation 
develops in these patients with large granulating surfaces and they may die 
in this stage even though infection seems minimal This is illustrated b> the 
follownng biief case report 

Case 1 — S H , No 167072, G S, white, male, age 35 receneci deep third-degree 
burns of the entire trunk and most of the upper extremities, and first- and second-degree 
burns of the face and hands The area involved, as estimated b\ Berkow’s charts was 
SS per cent of the bodv surface The burn occurred one to four hours before admission 
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The exact time was not known as the man had been found in an alcoholic stupoi on a 
burning davenport He was in deep shock— B P 6o/o, Hb 23 5 Gni , hematocrit 63 2 
Within the next 64 hours he received 5800 cc of plasma and 7500 cc of saline intra- 
venously before his blood pressure stabilized at 120/60 The burned areas were tanned 
but became grossly infected On the ninth day he was started on tub baths in an attempt 
to remove necrotic tissue and control infection The temperature chart showed continual 
improvement and the granulations became quite clean In spite of this he became ema- 
ciated and very weak He steadily lost weight and strength in spite of the fact that the 
lesions appeared cleaner Many areas were perfectly healthy and pinch-graftmg was 
started During the fourth week he became irrational and delirious, with high fever, 
and a blood culture showed B aerogenes, 260 colonies per cc He expired on the 
30th day 

We have obserted that the fever curve of a patient comes down m step- 
hke plateaus as a large granulating surface is covered at intervals 

Case 2 — SMH, No 37348, H S, ivhite, male, age ii, received a total third- 
degree burn of the left lower extremity from hip to ankle, a second-degree burn of the 
medial surface of the right lower leg from knee to ankle, first- and second-degree 
burns of the hands, and first-degree burns of the face The total body area involved was 
estimated as 30 per cent He was seen one hour after injury He was not in shock — B P 
110/68, hematocrit 599, Hb 165 Gm The serious nature of the burn was not recog- 
nized by the house officer who saw him, and he was started on saline compresses, without 
intravenous therapy Moderate shock developed and was controlled by plasma adminis- 
tration He developed severe infection in the necrotic tissue This was gradually con- 
trolled by saline compresses and saline tubs It was 40 days before the necrotic tissue 
had separated and granulations enough appeared so that skin grafting could be con- 
sidered He was running a septic type of temperature, averaging about 39°C (i02 2°F ) 
About one-quarter of the left lower extremity was covered with split-thickness grafts 
The temperature averaged 38s°C (lOi^F) after this Ten days later another quarter 
of the leg was covered, and immediately the temperature plateau fell to 38''C (ioo4°F ) 
Thirteen days after this, most of the remaining open half of the extremity was grafted, 
and the average temperature curve dramatically and promptly fell to 37 5°C (about 
ioo°F ) 

This boy during his illness became extremely emaciated but survived and 
ovei a peuod of two to thiee months, giadually returned to normal 

It IS common experience that there is improvement of the general con- 
dition of the patient if a large granulating surface is covered with homo- 
grafts — even though these grafts, as is well known, persist only fiom two to 
SIX weeks 

It would seem then that if Mason’s view, that a bum is a traumatic 
wound, IS accepted, that treatment should be directed toward an attempt to 
secure primary healing This, if possible, ivould eliminate these delayed 
deaths caused by the open wound We believe that the various methods of 
local treatment of burns now in use do not meet this requirement 

Tanning — There aie man) agents used to produce an eschar over the 
burned surface The one most commonly used is tannic acid The objective 
of these agents has been stated as (i J To pi event fluid loss by sealing the 
surface, (2) to prevent the absoiption of decomposition products of the dead 
tissue (3) to provide a comfortable dressing whicn need not be changed, 
and (4) to prevent infection Fiom the standpoint of ivound care, we have 
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never consideied tanning to conform to the principles necessaiy foi first- 
intention healing In deep second-degree bums theie is piobably some 
destruction of viable epithelial lemnaiits by the tanning But the gieatest 
violation of suigical principles by tanning is the locking-in of micro-organ- 
isms Most tanned bums, in our experience, eventually become infected 
Local Treatment by Antiseptics — The production of an eschar by various 
dyes, designed to prevent the infection so commonly encouiiteied in tannic 
acid treatment, has the same objections as tanning Infection is usually not 
prevented 

Saline Baths oi Compi eises — This method is, peihaps, of the gieatest use 
m the late treatment of extensive giaiiulating aieas It has been employed m 
piimaiy treatment of bums It is of most use foi burns of the hands and face 
But in third-degiee bums the end-result is a granulating wound which is fie- 
quently more or less infected In oiii expeiience, it is quite arduous for an 
acutely ill patient, and must oftentimes be discontinued because of exhaustion 
Its mam advantage over tanning is that third-degiee areas aie oidniaiil} 
ready foi giafting at a consideiably eailier date 

The Closed Compression Diessuig Method — This tieatment is based on 
sound surgical pimciples It is in essence the Orr-Tiueta tieatment of 
compound fractuies applied to bums It was originated by Koch and Mason, 
and Mason^ states that by this method the moitahty late m the Childien’s 
Wards, at Cook County Hospital, has been i educed fiom lo to 3 9 per cent 
In brief it consists in (i) Thoiough soap cleansing (2) Debridement of 
loosened epideimis (3) The application of ointment-saturated gauze stiips 
over the area (4) The application oi a voluminous dressing, applied under 
moderate piessure (5) Leaving the dressing in place foi 10 to 14 days 
We are in complete accord with this method, and believe it superioi to 
any other now in use It is ideal for fii st- and second-degi ee bin ns Healing 
per pnmam usually occurs in two weeks The patient is moie comfoi table 
than by any other method about which we know, and there is a minimum 
expenditure of effort m nursing caie 

However, when third-degree bums are present, it is not ideal The 
cleansing and superficial debridement does not remove all the dead tissue 
This remains as a nidus for infection and a focus of absoiption These aieas 
must, of necessity, become gianulating wounds, with their attendant pioblems 
Immediate Skin Grafting — In an attempt to fulfil the principles for wound 
healing pei pnmam, we have debnded the third-degiee areas, and imme- 
diately covered them with split-thickness skin giaits 
Our plan of treatment at present is as follows 

1 To be acceptable for immediate debridement and skin giaftmg, the 
burn must have occurred not more than six hours previously ^^hth 
experience it may be possible to extend this time limit 

2 Hematociit and plasma protein determinations aie made at once 

3 Parenteral plasma is stalled 
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4 Undei anesthesia, the bum is ■« ashed \\ith soap and soft gauze foi 
ten minutes This removes the blisters and desquamated epidermis from 
the second-degree areas The cleansing is completed AMth a saline flush 
No antiseptic is used 

5 The blood pressure and pulse is carefully watched for any signs 
of incipient shock, and the plasma administration is governed accordingly 

6 Obvious third-degree areas are completely excised, and hemostasis 
carefull} attended to If there is doubt about an area being third-degree 
m depth, it is not excised as it is in these questionable areas that hair 
follicles and glandular remnants are usuall} present in sufficient amounts 
to allo\\ spontaneous epithelization 

7 Grafts of about ooio of an inch thickness are cut \Mth the derma- 
tone and sutured over the excised areas 

8 The donor areas are dressed with one thickness of vasehned eauze 
smoothly applied, and a snug sterile gauze-roll bandage 

9 The entire burned area is dressed in the same manner A volum- 
inous gauze diessing is applied over the vasehned gauze and this is held 
m place under some compression In either Ace-bandage or stockinette 
applied as a roller-bandage 

10 Adjacent joints are immobilized b) the application of plaster 
encasement directly o\er the dressing 

11 Plasma saline oi whole blood is administered during the post- 
operative period as indicated by frequent hematocrit, plasma protein, and 
Hb determinations 

12 The dressing is not disturbed for i^ da}s unless a mounting fevei 
or other signs indicate that infection has occurred 

13 If the area is healed on removal of the first dressing a second 
dressing of vasehned gauze, a thin layer of drj gauze, and an elastic 
roller-bandage is applied This is worn as protection for another 14 days 
It is then renioAed and treatment tenninated 

This method of treatment and the postoperative course is illustrated in 
the follo\Mng case report 

Case 3— SMH, No iSSgiS, D B white male, age ii, was admitted to Strong 
Memonal Hospital, one-half hour after being burned on the back He was not m shock 
—BP 150/85, pulse 100 He w^as in considerable pain The burn as estimated bj 
Berkow^’s charts, cohered about 8 to 10 per cent of the bodj It imohed the back and a 
small area o\er the posterior aspect of the left upper arm Cold cream had been applied 
to the burned area 

In the central portion of the burn on the back the skin w as an ii 00 
About this there was a w'lde zone of hyperemia on which there were large, weeping 
areas, intact blebs, and hanging shreds of epidermis An hematocrit reading, 45 minutes 
after injury, W'as 493, and the plasma proteins 658 He was treated h\ the method 
outlined abo%e During operation, and the immediate postoperatn e period, he was gnen 
600 cc of whole plasma and 250 cc of saline No shock occurred^ His postoperatne 
course was satisfactory The temperature neier rose aboye 387 C (1015 F) an 
returned to normal on the seyenth postoperatne day From the fifth postoperatiy e ay 
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IMMEDIATE SKIN GRAFTING IN BURNS 


on be was comfoi table The dressing was removed on the fouiteenth postopeiative da^ 
The entile area was epitlielized One small mixed area of third- and deep second-degi ee 
bum, which was purposely not debnded, showed the papillaiy layei, and was sensitive to 
touch and tempeiature changes The lemaindei of the bum was painless A new diessing 
was applied as outlined above He was allowed up On the seventeenth postopeiative 
day he was dischaiged 
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45 min after burns, 









before any treatment 


a 40 P M 

1 0266 
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6 19 
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After 100 cc whole 









plasma and cleansing 
and debridement 


9 30 P M 

1 0270 

47 1 

5 98 
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2 08 


After 1 50 cc whole 









plasma during skin 
giafting 


11 45 P M 

1 0264 

44 7 

6 16 

4 OS 

2 11 


\fter 300 cc whole 
plasma and skin graft 
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4 00 P M 

1 0256 
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5 09 
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2 1? 
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10 000 Aftei 600 cc whole 









plasma plus 250 cc 
saline 1 v disc at 
4 P M 


9 00 \M 

I 026? 

3? 8 

6 20 

4 0? 

2 17 


\o more i v fluid, 


taking fluids well p o 

4t t \o pareiueial therapy 

11 8 8 000 

■13 2 6 23 t ->7 2 76 

11 3 6 500 
11 S 8,100 

Total 600 cc plastm (whole) 
2S0 cc saline 

f ONCLli.SIONS 

1 Burns aie tiaumatic wounds, accontpanied by local loss of blood plasma 
both fiom the weeping surface and into the tissues This plasma loss pio- 
duces shock by depleting the cii dilating plasma 

2 Ideal treatment of bums should accomplish the followung Restoic 
lost plasma, pi event fuithei plasma loss, prevent alisoiption of burned tis- 
sue, forestall infection, and pioniote piimary healing 

A fiist- and second-degi ee Inun, given piopei caie, wall heal pei pniiiaui 
\ third-degiee burn, tieated by foimei methods, can heal only by second 
intention 

4 By the immediate cleansing and complete debiidement of a bum, with 
immediate grafting of deepl)^ injuied aieas, plus the application of the usual 
compression dressing and immobilization used ovei free giafts, it is possible 
to obtain primary healing of the entne wound 

REFERENCE 

’Mason, Michael L Local Treatment of the Burned Area Surg , Gvnec Obst, 

72 , 250, February, 1941 


3-18-42 11 00 A M 
3-19-42 
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THE ELECTRO-ENCEPHALOGRAPHIC 
DIAGNOSIS OF SUBDURAL HEMORRHAGE 

Hendrikus SjaardeiMA, Ph D , 

AND 

Mark Albert Glaser, M D 
Los Axcrirs, Ca.iif 

The clinical diagnosis and localization of subcluial and extraduial 
henioirhage aie at times impossible When such hemorrhage is suspected, 
it IS customary to cany out multiple perforatoi and bin openings to verify 
the diagnosis 

The electrical activity of the human cortex, as lecorded by the electio- 
encephalogram, may be modified either tempoiarily or permanently by such 
cerebral pathology as tumors diseases, trauma or chemicals Experi- 
mentally produced lesions also definitely modify the electrical activity The 
electi o-encephalographic wave pioduced by destructive lesions has been re- 
ported by Dusser de Baienne and McCulloch.’^ the wave caused by cortical 
pressure, without destruction of the underlying biam, has been described 
by Glaser and Sjaardema In the experimental production of these pressure 
lesions a characteristic electro-encephalogi aphic wave pattern was produced 
m rabbits, which consisted of high beta waves superimposed upon delta 
waves Both clinical extradural and subdural hemorrhage, when there is 
no damage to the underlying biam closely simulates the experimentally 
produced pressure lesions 

In the piesent communication \\e i\ish to present three cases of verified 
subdural hematoma, m which these characteristic pressure wave patterns 
were present m each instance, and prompt^ disappeared after removal of 
the hematoma These w^ave patterns how ever, seem not to be pathognomonic 
of subdural hematoma, or even piessuie lesions because they have been 
found in hydrocephalus, meningioma, tuberculoma, Parkinson s disease, syph- 
ilis, and in a few instances of brain trauma, without operable hemorrhage 

CASE REPORTS 

Case 1 — R R , female, age 27, referred by Dr J M Harris, gave a history of a 
head injury 15 days prior to admission to the hospital Surgery revealed a rjght fronto- 
temporal subdural hematoma The electro-encephalogram gave the characteristic ware 
pattern These waves disappeared 24 hours after operation, and the brain was entirely 
normal at the end of six months 

On August 16, 1940, the patient fell, striking her head on a stove She was uncon- 
scious approximately 12 hours Headaches, that were present for approximately one 
week, were constant, and situated on the right side In addition, she had nausea and 
some vomiting 

Physical Exammatwu — The patient was a well built young woman, weighing 125 
pounds pulse 84, respirations 20, temperature 98 6°F, blood pressure 115/80 Her 
general phisical examination was essentially negative Neitiologtc Eravimatwii — The 
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Fig 1 — Case R R Right Prefrontal Subdural Hematoma The location 
?* leads are designated as follows L F — left frontal , L P — left parietal , 
y O — left occipital, R O — right occipital, R P — right paiietal, R F — right 
front d 

_Note the high voltage beta waves piesent in addition to the delta waves 
in R F and R P 

B Delta waves aie still present in R F 
C The electro cncephalogiam is norm il 
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pupils were \er3 small though not pin-point, reacted normally to light and distance, 
and had to be dilated to \isuahze her disks These showed blurring of the margins 
The remaining neurologic examination was entirely normal except that the grip in 
her right hand was 120 compared to 138 in the left hand, and that her reflexes were 
moderately active m the arms, but hyperactive in the lower extremities There were no 
pathologic reflexes A spinal puncture, on two occasions, revealed a pressure of 550 mm 
of water 

The electro-encephalogram revealed a localized area of abnormal electrical activity 
Ihis area was located m the right prefrontal region and extended close to the right 
motor aiea The following abnormalities were observed i Slow delta waves of approxi- 
mately one cycle per second and around too microvolts 2 Rapid waves of about 16 
to 25 cycles per second, and from 10 to 20 microvolts These abnormalities were not 
present m the corresponding areas of the left hemisphere (Fig lA) 

Operation — On the basis of her right-sided headache, localized m the frontoparietal 
area, the high intracranial pressure, and the characteristic electro-encephalographic waves, 
exploration was undertaken The operation was performed under local anesthe'^ia A 
skin incision was made in the frontotemporal region, approximately two inches in length 
A perforator and bur opening was made in this area The opening was enlarged with 
a rongeur The dura was extremely vascular and exquisitely tender to touch Cutting 
the dura caused considerable local pain When the dura was grasped with forceps an 
acute sharp pain was refeired to the area of the headache and further ladiated toward 
the ear Beneath the dura was observed the dark-reddish capsule wall, which was 
extremely soft to palpation A thin hypodermic needle was introduced through this 
capsule and one cubic centimeter of brownish-red fluid was withdrawn The capsule 
was then opened and about 50 cc of fluid removed By careful dissection and washing, 
this entire structure was removed The capsule was about ten times as thick as the dura 
The underlying brain was compressed by the hematoma in such a way as to leave nearly a 
half inch space beneath the skull The cranial opening was approximately in the posterior 
middle part of this large hematoma, and the capsule extended around this opening m all 
directions but mostly anteriorly and laterally The wound was then closed and dressing 
applied No dram was inserted The patient made an uneventful recoverj', and was 
discharged three weeks postoperative 

Subsequent Couiie — The electro-encephalogram taken one month after the removal 
of the subdural hematoma, m the indicated area, revealed some slow delta waves in the 
light frontal region The beta voltage, however, had returned to normal (Fig iB) 
The electro-encephalogram recorded six months postoperative was entirely normal 
(Fig iC) 

Case 2 — Fiom the Neurosuigical Service of the Cedars of Lebanon Hospital, March 
10, 1940 E R , male, age 66, had a head injury four months prior to hospital entry 
Surgery revealed a left frontoparietal subdural hematoma Characteristic electro- 
encephalographic weaves weie present The combination weaves disappeared 24 hours after 
operation Within six months after surgery the delta waves disappeared and the electro- 
encephalogram W'as entirelj normal 

In November, IQ39, the patient fell in the bathroom and injured the right side of his 
head A large hematoma of the scalp developed It w^as not definitelj" determined whether 
he had had an uneonscious episode and fell or w'hether he slipped and fell He remained 
unconscious for about three minutes and w'hen he recovered the right side of his face 
W’as found to be contused and his right thumb pained He w'as seen bj a phjsician on 
i2-i9-’3g, at w’hich time a drooping of the right side of his mouth w'as noted, an 
absence of the right biceps, and of both Achilles reflexes He also complained of some 
loss of hearing in the left ear, and w’eakness of the right grip The reflexes on the right 
were more actne than those on the left A spinal fluid examination at this time re- 
\caled a total protein of 225 mg per 100 cc On 2-26-’40 there w’as some w'eakness of 
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his right leg A.bout March ist, the weakness of his light leg inci eased and he developed 
attacks of dizziness He had complained of headache since the time of his fall On 
March /th, he developed weakness, unsteadiness and incontinence of urine, as well as 
periods of mental confusion On Maich loth, he became stuporous, and was admitted to 
the Neuiosurgical Service of the hospital He was confined to bed, had Cheyne-Stokes 
respiration, was irrational, pulse 45, blood pressure 130/00 Phjsical examination was 
essentiallv negative 

Ncinologxc Examination — There was a definite rigidity of his light arm and leg, 
associated with weakness He was irrational but lesponded at times to questions in a 
a very slow and confused manner He was unable to write The reflexes of the aims 
were subnormal, the abdominal and cremasterics were absent, and the patellar and 
Achilles reflexes were subnormal A spinal puncture levealed a pressure of 225 mm 
of water 

On electro-eiicephalographic examination both occipital areas showed low delta m 
addition to the regulai alpha waves The alpha voltage was from 50 to 70 miciovolts, 
and the frequency nine cycles per second The deltas were from 50 to 70 microvolts and 
the frequency around one cycle per second In the left motor and frontal areas a combina- 
tion of delta and beta waves of increased voltage was observed In this area the delta 
waves were from 75 to 150 microvolts, and about one cycle per second The beta waves 
weie from 15 to 40 microvolts, and from 16 to 25 cycles per second The right niotoi 
area had a smaller amount of delta waves, not higher than 75 microvolts (Fig 2A) 
Opeiation — Under local anesthesia, a subdural hematoma was found m the left 
frontoparietal region The hematoma contained approximately 100 cc of fluid After 
tins was removed the underlying brain became visible, and promptly began to pulsate 
The brain, however, did not return to the surface of the skull The entire dissection of 
the wall of the hematoma was carried out through the perforator and bur opening 
Within a few minutes after the hematoma was removed he became quite rational and 
was able to write his name He left the operating room in excellent condition 

Subsequent Com sc — One month postoperative low delta waves were shown in the 
left frontal area, whereas the other regions showed normal pattern (Fig 2B) Electro- 
encephalograrfi taken six months postoperative was entirely normal (Fig 2C) 

C^se 3 — Referred by Dr L Gaulden and Dr G Esker R O , male, age 66, 
was injured March ii, 1941 The electro-encephalogram showed combination wave 
patterns Operation revealed an acute subdural hemorrhage in the right frontalparietal 
area The increased beta waves disappeared after operation The patient expired 
This man fell a distance of 12 feet, striking his head, and was rendered unconscious 
He had a pulse of 65, respirations 24, temperature ioi°F, blood pressure 120/S0 
There was severe suggillation over the right eye, his nose bled profusely, and he vomited 
blood He had a marked contusion over the right frontal region, pupils were dilated, 
reacted sluggishly to light, and the right pupil was slightly larger than the left A slight 
facial paresis existed There was no evidence of weakness of the extremities All the re- 
flexes were absent Spinal puncture revealed a pressure of 400 mm of water, the fluid 
was bloody , and showed a count of 60,000 red and 100 white cells per cubic centimeter 
Delta waves, of about one cycle per second and up to 150 microvolts, were present 
in the right frontal and temporal parietal areas upon electro-encephalographic studv 
In addition there were high beta waves, up to 25 microvolts, and 15 to 25 cvcles per 
second m this area The left occipital area showed delta waves up to 100 microvolts, 
and around two ci’cles per second The beta waves were increased m all areas (Fig 3) 

In Mew of the high intracranial pressure, the facial weakness, and the characteristic 
electric wa\es over the right frontal region, the diagnosis of subduial hematoma, as 
well as severe brain damage was made 

Opeiation — Under novocain anesthesia, an incision was made oier the right frontal 
area, and a perforator and bur opening was made into the skull The duia was under 
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tension, somewhat roughened, and vascular When it was incised a clot oozed out 
The skull opening was then enlarged to about the size of a silver dollar This blood 

clot extended to the base of the skull, to the edge of the temporal lobe, frontal lobe, 

and posteriorly as far back as the edge of the ear It covered the entire hemisphere, 

and extended to the midline as far as the faK It was about one and one-half inches 

thick By washing, suction, and stripping with cotton and forceps, the entire clot was 
removed The original clot must have contained approximately 300 cc of blood After 
It had been removed the brain was found to be maikedly depiessed and the vessels ovei 
the cortex dilated In addition, the dura was extremely vascular The roughness and 
vascularity of the dura prolonged the operation considerably because of the continuous 
oozing of blood The wound was then closed 

Posiopctativc Coin sc — A plasma tiansfusion was administered immediately and a 
blood transfusion latei 111 the evening The patient’s condition postoperatively was not 
particularly bad, and his pulse and blood pressure again returned to normal During 
the night he did fairly well About 3 00 a M his respirations began to change, and his 
blood pressure became lower About 6 00 a m his condition was poor and it was quite 
evident he would not survive The dressing was then opened and no evidence of bleeding 
was found, an, however, issued from the wound with each respiration of the patient, 
indicating that the fracture had extended through the nasal sinuses A spinal puncture 
was performed and the pressure found to be 100 The patient expired, 3-ii-’4i, at 
I 55 P M 

Autopsy — Fractures of the upper ribs on the right side, considerable bleeding in 
the subparietal space, and some bleeding within the thorax was found When the 
brain was removed there was no evidence of hemorrhage apparent At the tip of the 
frontal lobe could be seen a large laceration which extended to a depth of two inches 
The orbital plate was shattered, more on the right than on the left side, with numerous 
fracture lines running into the ethmoid and sphenoid sinuses, both of these being filled 
with blood, which accounted for the bloody vomitus that the patient had Another frac- 
ture line chipped off the tip of the spenoidal ridge A chip of this bone had entered 
the cavernous sinus It was the bleeding from this that infiltrated along the base of the 
skull and the hemispheres On top of the orbital plate was an area, the size of a 
twenty-five-cent piece, which was depressed and spiculated upward into the cianial 
cavity Some of this bone had enteied the tip of the frontal lobe Upon removal of 
these spicules, pieces of brain could be seen adhering to them In addition, there was 
a fracture of the right pelvis The tissues m the posterior peritoneal space were 
markedly contused and there was a considerable amount of hemorrhage along the 
ureter, bladder and surrounding tissues 

Gross pathology of the brain revealed a small amount of subaiachnoid hemorrhage, 
with staining of the meninges, most marked in the left parietal region There was a 
small contusion jn the subfrontal region, which measured 25 x 15 cm in greatest 
diameters There was also a small cortical hemorrhage, 8 mm m diameter, at the tip 
of the light frontal lobe Otherwise no gross lesions of the brain were evident 
Specific attention was given to the left occipital lobe, where no grossly visible lesion 
was evident A block of tissue, however, was taken fiom this area for microscopic 
study, and also from the right frontal lobe m the region of the contusion Section 
through the brain at the level of the thalami showed a small bruise of the right hippo- 
campal gyrus as well as the medial cortex of the parietal lobe The location of these 
contusions are indicated on the drawings accompanying Figure 3 Pathologic Diagno- 
ses Gi OSS I Minor subarachnoid hemorrhage, chiefly left parieto occipital 2 Right 
subfrontal contusion 3 Minor contusion tip of right temporal lobe 4 Minor contusions 

of right hippocampal gyrus 5 Minor contusions of medial aspect of right parietal 
lobe 
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Mici oscopic — Section through the left occipital lobe shows some shglit thickening of 
the meninges, which is not uniform, and which shows no evidence of focal proliferation 
Theie are no observed aichitectural alterations The large nerve cells, however, stain 
poorly Some of them show' acute alteration in the form of acute degenerative changes 
and a numbei of them show' fatty degeneration This degeneration is evidently a chronic 
process and bcais no relationship to anj recent change These chronically altered cells 
however, show these acute changes in the form of loss of Nissl’s substance and actual 
degenerative changes in the cell bod} Otherwise, no conspicuous alterations vvere to be 
found 

Section from the right occipital lobe show's no essential alterations other than the 
fatty change in the large neive cells, which in this section seem less profoundly altered 
as compared with the left side The Nissl's substance in these cells is partly retained 

Section taken through the contused area in the right subfrontal region shows a 
pallor of the affected tissue and in this pale area a few small petechial hemorrhages are 
found This contusion involves both the cortex and subcortex over a considerable area 
and extends fairly deeply into the white matter Mia oscopic Diagnosis i Subfrontal 
contusion, right 2 A.cute degenerativ'c changes in the nerve cells of the left occipital 
lobe 

Twenty-four hours postoperative, delta vvav'cs around 150 microvolts, tw'o to three 
cycles per second, vvere found in all areas The increased beta waves had disappeared 
(Fig 3B) 

Discussion — In this particular case we not only had a subdural hematoma 
situated in the right frontal aiea but we also had a great amount of brain 
damage as evidence by the delta waves in the other regions of the brain 
In spite of the relief of the subdural hematoma by surgery, and its removal, 
the brain damage was of such seventy that the patient expired We, however, 
continued recording the waves during the patient’s life These waves con- 
tinued about 40 seconds after respirations had ceased and the heart action 
was not audible The electro-encephalographic recording at this time demon- 
strated random delta waves, and waves of six cycles per second in all areas 
The voltage of these waves graduall}' deci eased until the galvanometer did 
not show any deflexion (Fig 3C) The patient expired at this time 

In these thiee clinical cases in which a subdural hematoma was verified 
by operation, a combination wave pattern was found In all of the cases. 
It disappeaied after surgical remov'al of the lesion This wave pattern con- 
sisted of I Delta waves of around one to tw'o cycle waves per second, and 
100 microvolts, and up 2 Beta w'aves alternating or superimposed upon 
the deltas fiom 16 to 25 cycles per second, and from 10 to 20 microvolts, 
and u^D Although we do not believe this combination pattern is pathogno- 
monic of subduial hematoma, it is notewoith} that we have observed it in 
cases of hemorrhage wheiein a piessuie has been applied to the cortex 
Taking into consideiation the clinical signs and the association of the com- 
bination waves, aids in veiifymg the existence and localization of the 
hemorrhage 

In over 150 cases of head injury in w'hich brain damage was present, 
and repeated recoi dings w'ere taken on the same patient, w'e have found the 
existence of these combination patterns in only tw'O instances In none of 
the entire senes was massive hemorrhage suspected In the two cases men- 
tioned, repeated electi o-encephalogi aphic studies showed a disappearance of 
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the combination patterns, and at no time did we have sufficient clinical data 
to ariive at a diagnosis of laige subdural hemorihage 

CONCLUSIONS 

1 In thiee veiified cases of subduial hematoma an electro-encephalo- 
graphic wave pattern consisting of high voltage beta combined with delta 
waves was found, which disappeaied wdien the hemorihage w^as removed 

2 This wave pattern is not pathognomonic of subudral hematoma but 
has been obseived m hydrocephalus, meningioma, syphilis, Parkinson’s dis- 
ease, tuberculoma, gumma, and head injuiies 

3 The pattern is of value as an adjunct m confiimmg the diagnosis of 
subduial 01 extiaduial hematoma w'hen the clinical signs and symptoms have 
indicated such condition to be present 
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THE USE OF MYOTOMY IN THE REPAIR OF 
DIVIDED FLEXOR TENDONS 
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TROM THr SURGICAl SrRVIcn OF BrrKMAN HOSPITAI Ncn 'iORK ^ 

Despiie some notable contiibutions, the liteiatuie of tendon suigeiy le- 
mams persistently optimistic and narrowly technical While it is the pm- 
pose of this lepoit to pieseiit still anothei opeiative innovation, an attempt 
wall he made to considei its application fiom the laigei viewpoint of hand 
function 

This can, pet haps, he best done by outlining a geneial attitude toward 
the subject of lepaii of the divided flexoi tendon Let us discard oui 
ambiguous notions of peicentages of good oi had lesults in favoi of an 
analysis of the individual case m teims of contiollahle and uncontrollable 
factoi s 

Among the latter we must list these The physical natuie of the wound. 
Its location m the hand , the degree and natui e of contamination . the amount 
of bruising of the tissues, the extent of stiippmg of the tendon sheath, and 
the time-inteival before tieatment and the piesence of complicating fiactures 
These are the readily lecognizable elements that go fai to determine an 
end-result before an mstiument has been intioduced into the wound 

In addition, theie aie tw^o othei less appaient chaiacteiistics of each 
case that may w^eigh quite heavily in the final balance The first is the 
constiuction of the mjuied hand Does it lesemhle the pulpy, calloused hand 
of the laboiei, oi the dextious, turn fingers of the aitist^ The second is 
the personality of the patient Is he coopevative and assiduously helping 
along the restoiation of his hand to noimal, or does he assume a negativistic 
attitude and sullenly lefuse to move the aftected fingeis between treatments^ 
There is literally a phy^sical and mental diathesis in each patient which has 
much to do with the outcome A willing patient cannot spontaneously 
dissolve a gallstone or absorb a chest full of pus, but he can wmrk wondeis 
over a period of months with a stifi: fiiigei whose flexoi tendons may have 
seemed to be sheathed in very dense adhesions 

While ceitain technical expedients may seive to amelioiate the untoward 
effect of any of these unconti ollable factoi s, they remain as major deter- 
minants in the fate of any case regardless of the details of treatment 

The controllable factors are those that become manifest after the patient 
entered the hospital The decision for immediate or delayed 

tenorraphy , the use of a tourniquet , the employment of a proper technic as 
regards exposme, suture material, and handling of the tissues, and the 
assignment of one interested membei of the staff to the care of every 
case from leception to final discharge The impoitance of each of these 

461 



LESTER BLUM 


Ann'\ls of SurLcr\ 
SenteinUcr 10 4 2 


has been repeatedly emphasized by Koch and Masond Bunnell/ and Mayer," 
so that any furthei discussion heie Avould indeed be superfluous 

In short, this method of analysis demonstiates the futility of applying 
the statistical method to a senes of tendon cases Even if the number were 
extremely laige, the many vaiiations of uncontiollable factois alone would 
rendei impossible the selection of similai samples in the evaluation of aii}^ 
proposed method oi technical maneuvei Furthei moie, between the excellent 
result of complete retuin of function and the extieme tiqiified by the useless 
flopping finger are mtei mediate giades of recoveiy to which the ambiguous 
terms good, fan indifferent and pooi are A^ariously ajiphed 

To make matters more complicated the fingeis are not of equal functional 
importance since they decrease in usefulness fiom the index to the fifth 
fingers Also, the essential joint of the thumb is the metacarpophalangeal 
while that of the othei fingers is the proximal intei phalangeal joint, a fact 
of the greatest impoitance which is common'y ovei looked It is possible to 
have a satisfactory fingei wath poorly functioning teiminal phalangeal and 
metacai pophalangeal joints as long as the pioximal intei phalangeal joint 
is noimal However, if the motion of the lattei is impaiied as a sequela of 
tendon injury, the fingei is piopoi tionately crippled 

Thus, the natuie of this subject is such that it is as difficult to appraise 
one’s own lesults as it is to ciiticise those of othei s It is for this basic 
reason that the method of clinical exposition has been chosen to present 
the proceduie of myotomy as an auxihaiy to tendon repair 

Myotomy is designed to contiol an hitheito uncontiollable factoi, i e 
muscle tension on the divided tendon This exerts its influence from the 
moment of injuiy throughout the period of convalescence At the time of 
the trauma, it causes the chai acteristic sepaiation of the tendon ends There 
IS varying difficulty as the proximal end is found, seized and bi ought dowm 
into the w'ound for suture During the fiist month of convalescence this 
muscle tension tends to disrupt the site of repair by its continuous dehiscent 
effect It IS only after the first three to foui weeks, Avhen the tendon is 
sufficiently healed, that this adveise effect is tiansformed into a beneficial 
one, pulling on the tendon in the sheath and so tending to elongate and 
resolve the adhesions 

Oidinanly, the only means taken to minimize muscle tension is the 
application of a moulded plastei splint iinmediatel}^ aftei tenon aphy with the 
wrist and fingers m acute flexion While this rests the muscle and does 
decrease its tension, it fai from olwiates the pull at the suture site This 
fact IS amply demonstiated by the vei}" leal tension mvaiiably found as 
divided flexor tendon ends are being brought togethei w ith the patient under 
complete anesthesia Despite the immobilizing splint normal muscle tone 
exeits its continuous dehiscent foice on the suture line during the post- 
operatue peiiod It is this hitheito uncontrollable factor vihich has made 
hazatdous the immediate institution of active motion after repair In fact 
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It was just such an untortunate accident the rupture of a tendon repan ed 
SIX days before, that seived as the stimulus for this work 

Aside from the original repoit,^ there aie only two relevant articles The 
first by Moser,-’ in 1927. is a short statement to the effect that the retraction 
of the proximal poi tion of the divided tendon can be prevented by infiltration 
of the muscle bellies in the torearm with novocain solution Theie are 
no case repoits The othei communication, by IMcNealy and Lichtenstein,*’ 
in 1931 IS an expeiimental stiidj, in dogs of the stages of reti action in a 
muscle aftei its tendon has been duided and of the beneficial eftect of 
interrupting the nerve stipph 

The rationale of myotom\ is quite simply, the mechanical interiuption 
of the continuity of the tendon wuth the majoi poitioii of the muscle fibers 
inserting into it This leaves only those few^ muscle fibers functioning that 
are distal to the point of selection and, theiefore, still in continuity with 
the tendon This obtains until such time as the myotomy wmund has healed 
and the contractile foice of the muscle fibeis pioximal to the site of myotomy 
IS again transmitted to the tendon 

The flexor muscles of the toieaim are of the unipennate and bipennate 
types with the tendon piolonged thioughout the length of the muscle The 
muscle fascicles are shoit and stem fiom then bony and fascial origins to 
insert obliqueh into the coiiespondmg tendon prolongation which couises 
along the volai aspect ot the muscle to become the tendon in the carpal 
tunnel and hand It follow's that division of the tendon prolongation results 
m a loss of contractile pow ei . the degi ee of w Inch is related to the location 
of the point of interiuption 

The origins of these flexoi muscle fibeis extend more distally than is 
shown in the anatomic atlases, so that because of the obliquity of these 
fascicles, the more distal extend into the carpal tunnel as they unite with 
the tendon In fact, the tendons of the flexor digiti quinti are commonly en- 
veloped 111 muscle tissue as they entei the caipal canal For this reason, 
myotomy can be perfoimed just above the wrist and the amount of muscle 
tissue to be permitted to function is easily measuied as it lies exposed in the 
wound With each succeeding case, this point of division has progressed 
distally as confidence in the spontaneous and complete healing of the myotomy 
wound with full return of muscle stiength has grown In the first case, 
myotomy was undertaken at about the junction of the distal third wnth the 
proximal two-thirds of a flexor muscle belly In the last cases, only one 
inch of muscle fibers remained distal to the selected point of division of the 
tendon pi olongation 

The proceduie is quite simple and peifoimed in a few^ minutes After 
the divided tendon ends in the hand wound are identified a shoit lineai 
incision IS made just above the wiist with clean gloves and instruments 
The lascia is divided and then, with an aiteij foi ceps' the paiatenon tissue 
IS geiith separated until the conespondmg muscle is identified This is 
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lendered easy by gently tugging on the pioximal tendon end lu the hand 
^\ound The foiceps is then passed deep to the muscle dehveiing it into 
the wound as shown m the illustration The point of division of the tendon 
prolongation is then selected, leaving about one inch of muscle fibeis to 


Muscle fibers 



Tig I — The method of dividing tendon prolongation by delivering the muscle into 
wound after dissecting it free from the en\ eloping paratenon Note the distribution of 
the muscle fibers, particularly as shown in the inset, which is a schematic lateral new 
at the same lei el 

function below it Tins is labeled “functioning muscle fibers” in tbe 
illustiation 

As the tendon prolongation is cut, two things can be noticed The first 
IS the marked diminution of the tension with which the cut tendon ends 
in the hand can be approximated The second is the actual transposition of 
the tendon distally into the hand as the myotomy w'ound gapes, usually one- 
half to three-quarters of an inch The fascia and skin are then closed, and 
the procedure leturns to the hand 
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On an empinc basis of a dozen unselected cases, myotomy as an auxihaiy 
to flexoi tenon aphy possesses the following chaiacten sties 

1 It IS an easily ])e!foimed, shoit pioceduie 

2 It facilitates the handling of the divided tendon ends by eliminating 
the tension which oidinaiily complicates the repaii 

3 The dangei of disiuption of the sutme line is obviated This allows 
eaily active motion if so desiied 

4 Much finei sutme mateiial can be used in the tenon aphy In the last 
cases, aitenal silk was employed 

5 Because of the ease of appioximation of the tendon ends, these can 
be moie completely debnded and tnmmed wnthout feai of sacnficing 
too much tendon 

6 Because of the absence of tension, the fingei can be splinted, post- 

opeiatively, m extension ivith only the ivnst flexed This has two 

advantages In the fiist place, it is fai easiei to legam function in a 

fingei so maintained than in one coiled up m the most acute flexion 

foi thiee to foui weeks Secondl)x in the extended fingei the site of 
tendon sutme is withdiawm into the uninjmed tendon sheath away 
fiom the point at which the sheath, sui rounding tissues, and skin weie 
laceiated These tendons aie almost invanably divided when the 
fingei s aie in the giaspmg oi acutely flexed position Thus, the post- 
opeiative extension makes for less likelihood of adhesions between the 
tendon sutme site and that of the injuiy to the sheath and skin 

7 In secondaiy cases with maiked letraction oi loss of tendon substances, 
myotomy renders unnecessaiy the use of tendon giafts to bridge short 
intervals This is demonstrated in the second and tenth case le- 
poits below 

8 There has been unifoim retmn of muscle stiength in all the cases As 
would be expected m so richly vasculai a tissue, the myotomy w^ound 
evidently heals completely and so allows full lestoiation of muscle 
function This w^as measuied m the fiist case 

CASE REPORTS 

Case 1 — Beekman Hospital No 337S3 J P , age 43, was admitted, April 18, 1939, 
shortly aftei a poicelain faucet handle crumbled m his light hand He had suffered 
a short laceration of the palm of the right hand and, on examination, exhibited complete 
loss of flexion of the interphalangeal joints of the index finger There was also anes- 
thesia of the radial half of the palm and of the apposing surfaces of the index and 
middle fingers Since the criteria for immediate repair were satisfied, operation was 
immediately performed The sublimis and profundus tendons to the right index finger 
were found to be completely divided With slight extension of the wound it was possible 
to seize the divided profundus tendon ends They were approximated under consideralile 
tension For this reason, with clean gloves and instruments, an incision was made in 
the lower third of the foiearm through which the corresponding profundus muscle belly 
was identified and isolated In the lowei third of the muscle a short transverse incision 
was made through the tendon prolongation, resulting in almost complete relief of the 
tension at the site of injury so that the divided tendon ends, after the clamps holding 
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tlicm were cut awav, wcic easily appi oximatcd witli fine Pagcnslechei linen thread using 
the Connell technic The hand and finger weic placed in about ten degiees flexion and 
a doisal plastei splint was maintained foi 25 days During this time, guided active 
motion was allowed each dac except on the tenth, when due apparently to edema, no 
motion was possible J he wounds remained clean From the fourth week on radiant 
heat, massage, and active motion weie instituted The patient letuined to woik at the 
end of the fifth week By the end of the sceenth week, there was a normal range of 
flexion and extension at the mterphalangeal joints, with slight restriction at the mcti- 
carpophalangeal joints Bj the end of the eighth week, he could touch the tip of the 
finger to the palm By the twelfth week, the finger could be actively coiled up and 
moved m all directions with agility equal to that of the normal side The patient evas 
discharged with a normally functioning finger in the fifteenth week 

Return of muscle power was tested by holding the forearm and finger rigid against 
a wooden splint and flexing the distal mterphalangeal joint over the edge of the splint 
At the end of the sixth week, a four-pound weight could be easily moved over a pulley 
by the teimmal phalanx throughout the full arc of flexion By the twelfth week, an 
eight-pound weight was easily so moved, by the fouiteenth week, nine pounds Conti ol 
for the terminal phalanx of the normal index finger was eleven pounds flexion 

Case 2 — Beekman Hospital No 36924 E S, age 51, was admitted, December ii, 
1940, 23 daj's after a poicelam faucet handle had ciumbled in his right hand, icsultmg 
in a wound of the palm which was sutured by a local physician He came to the clinic 
for after-caie, and it was noticed that there was loss of flexion of the mterphalangeal 
joints of the right index finger and right thumb as well as a loss of sensation along the 
lateral surface of the index finger and of the w'eb space between it and the thumb At 
operation, exposuie was obtained by incision along the thenar flexion crease With 
considerable difficulty the divided flexor tendon ends of the index finger were dissected 
free of the scar tissue The distal end of the flexor pollicis tendon was identified, but 
It was evident that the proximal end of this flexor pollicis tendon had retracted within 
the carpal canal where it was coiled back on itself and closely adherent to the other 
tendons An incision was made above the wrist for myotomy as well as to assist m the 
freeing of this proximal portion of the flexor pollicis However, it was impossible to 
dissect it free from above either Since the alternatives of dividing the transverse 
carpal ligament or of exerting more force and so traumatizing the other tendons and 
their sheaths were out of the question, the following procedure was performed The 
proximal portion of the index sublimis tendon was sutured to the distal end of the index 
profundus tendon The proximal end of the index profundus tendon was then swung 
over to be sutured to the distal end of the flexor pollicis Because of the tension and 
the presence of a gap of at least half an inch, myotomy was done on the index pro- 
fundus tendon This made possible the suture as described abov'^e Arterial silk was used 
to unite the tendons and to restore the sheaths as much as possible Sensory nerve ends 
in the scar were dissected out and sutured The wrist w^as then put up in marked flexion 
with the fingers extended m the natural position with the aid of a posteiior plaster splint 
Because a staphylococcus was cultured from the wmund at the site of the old blood clot, 
active motion was not allowed until the end of the third week, the splint being main- 
tained for a month Physiotherapy was then begun and the patient returned to work 
mvohung active use of the hand at seven wrecks Improvement continued progressively 
until the ninth month There was normal function of the index finger and only slight 
restriction of motion of the thumb The strength of the fingers have practically returned 
to normal 

Case 3 — Beekman Hospital No 36324 C F , age 44, was admitted, August 21, 
1940, ten minutes after having caught his right hand m a power saw He suffered a 
laceration of the volar aspect of the proximal phalanx of the middle finger with the 
dmsion of one slip of insertion of the sublimis tendon and a complete division of the 
profundus tendon and also of the digital nerves There were other injuries which healed 
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uneventfully and will not be again mentioned They were An avulsion of the nail of 
the thumb with amputation of the tip, and a laceration of the index finger wuth partial 
division of the subhmis tendon Because of the recent and clean nature of the wound, 
immediate operation w'as performed After identification of the cut tendon ends, myotomy 
was performed above the wrist and the cut tendon was then sutured with four fine silk 
stitches, two of the Bunnell type, the tendon ends, of course, being trimmed A dorsal 
plaster splint was then applied with the wrist and fingeis m io° to 20° flexion On the 
eighth day, guided active motion was inteirupted because of the appearance of a stitch 
abscess wdiich was open The fingei was kept quiet foi five days, following which, m 
view of the rapid healing of the wound, motion was again begun Physiothei apy was 
staited in the fourth week and the patient went back to work in the sixth week 

Improvement continued progressively until, at the sixth month, theie was only 
slight restnction in flexion of the interphalangeal joints, which was sufficient! j small to 
offer the promise of complete function in the futuie 

Case 4 — Beekman Hospital No 38380 W S, age 42, was admitted, August 18, 1941, 
SIX days after both flexor tendons of the light middle fingei had been divided by a 
scissors The divided tendon ends of the flexor profundus w'ere found through a flap 
incision over the pioximal phalanx Myotomj' was then performed above the wiist and 
the tendon ends of the finger w'ere then easily approximated with aiteiial silk A post- 
operative plaster splint w'as applied, with the wrist in flexion and the fingei extended 
Active motion w'as allowed throughout the postopeiative peiiod On the sixteenth day, 
there was some inflammation of the finger wound, and on the twentieth day, pus was 
released from under the skin flap and a dram inserted A low grade subcutaneous 
infection wuth intermittent discharge of silk sutures continued for nine weeks At the 
end of five months, there was about 90° motion in the pioximal intei phalangeal joint 
but practically none in the distal joint This case has obviously formed adhesions due 
to the infection and w’lll require plastic procedure some time in the future 

Case 5 — Beekman Hospital No 38474 H F , age 20, was admitted, August 20, 
1941, shortly after dividing the flexor digiti quinti profundus tendon in the middle pha- 
lanx of the finger on a sharp piece of metal There was also a division of the ulnar 
digital nerve of the finger Because the wound was duty, simple skin suture w'as per- 
formed The patient was discharged On September 4th, he was readmitted for tenor- 
raphy and neurolysis An incision w'as made along the radial side of the middle phalanx, 
and then across the distal flexion crease This flap was then dissected free, revealing 
an extensive disruption of the sheath, with several foreign particles present The 
tendon ends were dissected free The procedure of myotomy thiough the usual incision 
in the w'rist was then performed with marked release of tension The divided tendon 
ends were then easily sutured together The digital nerve was then dissected free and 
Its ends placed together Because of the contamination a molded plaster splint was 
kept on for three weeks postoperatively The patient resumed work an six weeks and 
at the end of five months, show'ed a normal range of motion of the distal interphalangeal 
joint and of the finger The only residuum was a nontender scar Sensation returned 
Case 6 — Beekman Hospital No 38514 P S, age 28, was admitted, September ii, 
1941, shortly after catching his left thumb m the blade of an automatic saw The w'ound 
extended through the digital nerves, the flexor pollicis tendon, and actually grooved the 
bone Because of the minimal contamination, immediate tenorraphy was performed 
There was considerable retraction of the divided tendon ends, as is characteristic of 
the thumb, and it was necessary to enlarge the opening m the sheath Myotomy was 
performed, and it was then possible to approximate the tendon ends with arterial silk 
Neurolysis was performed A molded plaster splint w’as applied postoperatively and 
maintained for four weeks, with the w’nst in flexion and the thumb in extension 
Active motion was permitted at each dressing Because of the contused nature of the 
skin wound, and because of an inflammatory reaction w'lth sloughing of the tendon 
suture, physiotherapy was not begun until the end of the tenth week Improvement has 
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been slow, so that while there was full strength of the thumb at the end of five months, 
there was only about 40° of active flexion in the interphalangeal joint The patient 
began w'orking after two months 

Case 7 — B D . age 24, was opeiated upon by Dr Myron Sallick, of New York Citj, 
January i, 1941 On that day he had cut his right thumb with a razor blade and had 
been unable to flex it since For pioper exposure, the tendon ends were identified, and 
myotomy was then performed above the w'rist The divided tendon ends were then 
approximated w'lth fine silk sutures A posterior plaster splint was applied with the 
wrist m flexion but wnth the thumb not otherwise immobilized Convalescence was 
uneventful and at follow-up three months later, there was a complete return of function 
and the muscle strength was equal to that of the normal thumb 

Case 8 — J L, age five, was operated upon, June 27th, by Dr Myron Sallick, 
because of a divided flexoi tendon of the right thumb The accident occurred tw'O hours 
before admission and was due to a broken milk bottle The wound was debnded and 
the tendon sheath was found to be widely lacerated The capsule of the metacarpo- 
phalangeal joint w'as opened On approximating the tendon ends, marked tension 
lesiilted Myotomy was then performed above the wrist wnth marked relief of the tension 
Tlie tendon ends were then resutured with tine silk Five grams of sulfanilamide were 
placed m the wound A posterior plaster splint was then applied with the wrist in semi- 
flexion, the thumb being left in a neutral position Despite a gross infection of the 
wound with a discharge of pus and earlj' removal of the sutures, active motion was 
present at the end of the third week The patient was then discharged to the Out-Patient 
Department, but failed to return 

Case 9 — Beekman Hospital No 36013 B F, age 30, sutTered a division of the left 
flexor polhcis longus tendon when cut by a broken glass jar The digital nerves were 
also divided After the tendon ends were isolated, myotomy was performed and tenor- 
raphy with arterial silk was then easily done The patient did well, but a secondary 
contracture due to scar tissue developed This was not surprising in view of the jagged, 
contused nature of the original laceration, and the involvement of all the deep tissues, 
including the capsule of the metacarpophalangeal joint A secondary plastic procedure 
was carried out to relieve the contracture The result was unsatisfactory, since the 
movement of the thumb is somewhat restricted, despite the fact that the tendon is well 
healed and causes flexion with normal strength 

Case 10 — Beekman Hospital No 34090 P C age 44, was admitted June 13, 
1939, shortly after a water bottle crumbled in his left hand He suffered jagged lacera- 
tions of the ring and little fingers There was no loss of sensation but there was com- 
plete loss of flexion of the interphalangeal joints of the little finger At operation, only 
the divided profundus tendon ends were seized and brought together at the middle 
phalanx As is characteristic of this finger, there was a good deal of tension For this 
reason, an incision was made m the forearm just lateral to the ulnar vessels and nerves 
The flexor profundus digiti quinti muscle belly was readily identified About half of 
the thickness of the muscle was divided resulting in a definite diminution of tension 
with much easier appioximation of the tendon ends The myotomy wound gaped more 
than half an inch The tendon ends were repaired with a fine linen Connell suture A 
posterior molded plaster splint was applied with the hand and fingei in slight flexion 
This was maintained for four weeks During the second and third weeks there was a 
loss of the undercut skin overlying the suture site The mucopurpulent discharge from 
this point was evidently due to sloughing skin and not to a real infection During the 
fifth week, there were few degrees of flexion of the terminal phalanx and about ten 
degrees of the proximal interphalangeal joints Improvement was slow but progressive, 
so that at the end of ten months, the range of motion at the proximal interphalangeal 
joint was about two-thirds normal, and at the distal joint, about one-third normal The 
result m this case was adversely affected by the loss of the skin flap due to the nature 
of the trauma 
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Case 11 — H R , age 15 months, was admitted to the care of Di Lester Breideubach, 
of New York City, because of a history of inability to flex the left, index, and middle 
fingers, following a deep laceration of the hand, occurring two months before Explora- 
tory operation revealed a division of the flexor tendons of the affected fingers After a 
most difficult dissection, the ends were identified Myotomy was then performed above 
the wrist with a gratifying result, so that the tendons in the hand were fairly easily 
approximated Postoperatively, a molded plaster splint was maintained foi three weeks 
Follow-up at four months, showed an excellent result 

CONCLUSIONS 

The adveise effects of muscle tension acting upon the site of tendon lepaii 
can be obviated by simultaneous division of the coiiesponding tendon pio- 
longation in the distal foreaim 

The piocedure of myotomy is easily and quickly peifoimed, and expedites 
repaii of the divided tendon 

The myotomy wound heals spontaneously and completel)q with no residual 
defect of muscle strength 
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BRIEF COMMUNICATIONS 

ARTERIOVENOUS FISTULA 

CASE BEPORT 

Harold D C vylor, M D , Leonard Long, M D , 

Aifn 

J \CK L Eisajman, M D 

BtUIFTOX, l2iD 

I ROM THU CA\ LOR NICKCL CLINIC BLUmON INDIANV 

We arl REPORiiNG a case of tiaumatic popliteal aiteiiovenous fistula 
which occiuied in a man, age 20 This lesion was successfully tieatecl by 
quadi uple ligation 

When an arteiiovenous fistula involves vessels of consideiable size the 
deiangement of cardiac function slowly and progressively increases As 
Pemberton- obseived, the laigei the leak the gieatei the volume of blood 
that will be shunted and the moie seiious the consequences To maintain 
adequate ciiculation to the capillaiies nature compensates by increasing the 
systolic pressuie and, also, by increasing the total blood volume “ Although 
the heart may can}' on foi many years undei the added load caused by a 
small aiteiiovenous fistula the circulatory function becomes progressively 
moie upset Because of the increased blood flow the aitery proximal to 
the fistula becomes enoimously dilated, this, in turn, causes fuither enlaige- 
inent of the fistulous opening Thus, a vicious cycle is established which 
must inevitably lead to congestive heai t failure - 

Holman/ and Reid and McGuiie'’ have noted so-called aiteiiahzation of 
the veins and venification of the arteries The former is explained by the 
inci eased wmik and adaptation to heightened piessuie, and the latter (veni- 
fication) IS noted as thinning, toituosity and dilatation proximal to the fistula 
Because of the fistula and the impaired circulation distal to the opening, 
inteimittent claudication,^ chronic ulceis,^ engoiged veins, and cyanosis of 
the involved extiemity aie the lule Bianham’s'^ biadycaidia phenomenon 
(slowing of pulse late wdien the fistula is closed) seems diiectly 1 elated to 
the size of the fistula and the seiiousness of the caidiac damage The 
aiteiiovenous aneuiysm is a pow'^eiful stimulant to the development of col- 
lateial ciiculation in the affected extiemity. and it is because of this collateial 
ciiculation that poitions of the aitei^' and vein can be ligated and excised*" 
In young, growing peisons there is an actual lengthening of the extremity due 
to inci eased vascularity of the giowth centeis of the long bones, and this 
w^as noted m our case 

Case Report — G M , male, age 20, a truck body builder, first presented himself 
at the Clinic in December, 1936, complaining of a swollen left leg Five years before, 
when he was 15 years old, he was sitting on the ground playing with a revolver He 
accidently discharged the gun and shot himself in the inner side of the left thigh at 
about the junction of the low'Ci and middle thuds Immediately after the shot he 

470 



Volume llfi 
Niimlnr 3 


ARTERIOVENOUS FISTULA 


jumped up and ran appioximately one-half mile Then his leg cramped so scveicly he 
could lun no more He was carried to a physician’s offee, and a roentgenogram revealed 
the bullet lodged m the popliteal space No attempt was made to lemove it The leg 
was swollen three or four times its normal size, and it has remained so, moie or less, 
ever since the accident After a few days the patient was up and about on dutches 
with his leg m a semifiexed position Within six weeks he was walking on his toes, and 
it was sereral weeks more before he could walk with the heel of the left foot to the 
ground Walking a long distance caused cramps in the calf muscles and these ordinarily 
were relieved if he would sit down and rest 



Fig j — Anteroposterior arteriogrim taken immediatelv after injection of thorotnst Arrows 
indicate direction of flow of blood through the fistula A Poolited artciv abo%e fistula B \rteiio 
lenous fistula C Communicating vein I) Bullet E Br inches of popliteal vein G Popliteal vein 
abo\e the fistula II Popliteal aitcry below the hstul i I Popliteil vein below the hstuH 


Subsequently the patient was enrolled at a C C C camp, and when he was given 
an hypodermic injection of a vaccine for immunization the left leg swelled considerably 
moie than usual He reported to the medical officei and was sent to an army post hosp- 
ital for observation, wheie he was kept lo days Roentgenologic studies were made, and 
he was returned to the camp foi duty A second hypodermic injection of vaccine was 
given and again the leg became greatly swollen, and this happened a thud time following 
another injection This great tumefaction persisted for about a week after the thud 
injection and was not altered by overnight rest in bed or by moderate exercise 

The patient first noticed a thrill on the inner side of the left thigh, four or five 
centimeters above and below the wound entrance, soon after the accident, and it has 
persisted This thrill or bruit was not so noticeable to the patient when we examined 
him as it had been formerly, but we noticed that a distinct vibration occurred wnth each 
cardiac cycle Since the accident the left foot had been warmer than the right foot ' 
All the superficial veins of the left thigh, leg and foot were more piomincnt than 
those of the right and had been since soon after the accident 

Phv^ical Exatmnatwn — This revealed a w'ell-nounshed young man, 72% inches 
tall, weighing 162 pounds The blood picssuie in the left arm was 140/60 Pulse 100, 
legulai , tempeiatuie (j86°F 

The left thigh, measured at a level five centimeters above the patella, was lo 5 cm 
greatei m circumference than the light The left leg, measured at a level 20 cm below 
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the patella, was 7 7 cm greater m circumference than the iigiit The left lower extrem- 
ity was 2 I cm longer than the right 

All the superficial veins of the left leg and thigh were prominent A thrill was 
palpable on the inner aspect of the left thigh, extending from the wound of entrance 
down to the knee, and a bruit was heard in the same area It was much more difficult 
to feel the pulsations of the left dorsalis pedis artery than of the contralateral vessel 

Roentgenograms of the left knee revealed a foreign body (bullet) in the popliteal 
space (Figs iD and 2D) Chest roentgenogram showed the cardiac dimensions near 
the upper limits of normal (Table II, and Fig 3A) 



Fig 2 — Lateral arteriogram taken immediately after Figure i Arrows indicate direction of 
flow of blood through the fistula A Femoral artery B Arteriovenous fistula C Communientiiif, 
\ein D Bullet E Branches of popliteal vein F Superficial vein I Popliteal vein below fistula 


A tentative diagnosis of an arteriovenous fistula was made The gravity of the 
situation was discussed with the patient and his mother, and it was proposed that 
further roentgenologic studies with thorotrast injections be made as a guide to proper 
surgical procedures Opeiation was, howevei, refused, and the patient was not hcaid 
fiom for approximately two years 

On his return most of his symptoms had become aggravated and, in addition, there 
were two lesions resembling varicose ulcers on the inner surface of the left leg, about 
foui centimeters below the knee A bruit could still be heard on the inner aspect of the 
thigh At this time the blood pressure readings were taken on extremities and are as 
follows Left arm 130/60, right arm 130/60, left thigh 140/60, right thigh 130/80 
The pulse rate remained 100 per minute After a blood pressure cuff on the left thigh 
was inflated sufficiently to close off the aneurysm the pulse rate dropped to 72 per min- 
ute within 15 seconds Thorotrast, (12 cc ), was injected into the left femoral artery, 
using the methods of Yater’^, and Horton®, and roentgenograms were taken (Figs i 
and 2) 

Dcsoipiion of Roeiitgcnogiams — The first film was obtained immediately after the 
injection, vv'ith the projection anteroposterior A lateral view was then exposed as 
quickly afterward as possible Digital pressure was maintained on the femoral artery 
throughout these procedures In spite of this the thorotrast passed lapidlj^ from the 
artel lal to the venous circulation, so that the two views do not demonstrate entiielv 
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the same vessels The anteroposterior view shows the fistula itself while in the lateral 
view the toituous collateral venous circulation is well shown 

The thorotrast can be traced through the fistula as indicated by the arrows in Figs 
I and 2 The popliteal artery (Fig lA) appears near the inner border of the thigh 
extending downward and mesially to a level appi oximately 22 cm above the joint space 
where the fistula is seen as a rounded collection of dye (Fig iB) After the dye passes 
through the fistula into the dilated vein it becomes moie dilute and the shadow fainter 
(Fig il) Because of the retrograde flow against resistance the dye concentrates lower 
down in the popliteal vein, which is paiticularly well shown with its two branches 
(Fig lE) The bullet is seen lodged against the lateral wall of this vein (Figs iD and 
2D) The thorotrast t' en passes through the dilated communicating branches (Figs 



Fig s — A Chest loentgti'ogiam t iKen before operation Aiea of heart and great vessels iSo 
sq cm B Chest loentgenogi im t ikeii thiee \eiis after closmt of the fistula Area of heart and 
great vessels 135 s 1 cm 


iC and 2C) to the supeificial \eins (Fig 2F) The popliteal arteiy distal to the 
fistula IS barely peiceptible as a nairow stieak of dye (Fig iH) because the blood 
How IS predominantly thiough the hstu'a and in a retiogiade direction down tlie vein 
laboiotoiv Data — Electrocaidiogiam Pulse late 100, sinus tachycaidia, moderate 
light axis deviation Urine Negative Blood Hemoglobin (S) pei cent, eiythio- 
cjtcs 4,aOO,ooo, leukocytes 14,000 Kline Negative Tempeiatuie studies of the exticmi- 
tics with the thermocouple showed a higher tempciature in the left thigh, leg, and 
doisum of the foot and lower temperatuie in the left metatarsal area as compared with 
the light (Table I) 

Operation was again offered and was accepted by the patient and his family 
Opciaiion — February 26, 1938, at the Wells County Hospital Under ethylene, a 
longitudinal skin incision was made ovei the popliteal space just lateral to the semimem- 
bianosus and semitendmosus muscles The superficial fascia was incised and the dis- 
section earned down to the aneurysm, which measured approximately 3 5 cm m diam- 
eter and was in the proximal part ot the popliteal space The aitery was isolated from 
the opening m the adductors above the aneurysm and down through the popliteal space 
beyond the aneurism The popliteal aitery distal to the aneurysm was smaller than 
pioximal to It (03 cm distal and 0 5 cm proximal) The popliteal vein was greatly 
dilated distal to the fistula, and the stream of blood from the opening between the 
aiteiy and v'cin could be plainly seen thiough the vein w'all going in a retrograde 
direction down the vein The popliteal vein proximal to the fistula was i cm and distal 
It was 20 to 25 cm in diamelei The popliteal vein and aitciy lay side by side with 
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the aneurysm protruding posteriorly Pressure on the proximal popliteal artery stopped 
the purr over the aneurysm The fistulous opening was approximately o 5 cm in diam- 
eter All four vascular limbs of the aneurysm were doubly ligated with No 3 chromic 
catgut after the technic described by Horsley and Bigger ^ Fascia was closed with 
No I plain catgut and a rubbei dam diaiii was inserted down to the fistula The skin 
was closed with silk 


T VBI L I 

TEMPER \TURL STUDIES HITH THERMOCOLPLI 



Before Operation 

3 A cars 

After Operation 

Area 

Left 

Right 

Left 

Right 

Palm 

94 5“ F 

95 a° F 



Thigh 

94 8° F 

94 0° r 

95 0° F 

94 5° F 

Leg 

96 5° r 

93 8° h 

96 0° P 

96 0° F 

Dorsum of foot 

86 0° F 

8i 8° r 

91 0° F 

90 0° P 

Metatarsal 

0 

CO 

79 2° F 

91 0° r 

91 0° r 


All readings taken at analogous points on each e\treniity 

Fostopd ativc Coiiisi — tVhen tlie patient entered the Iiospital his blood pressure 
was 140/80 and pulse 88 The first postoperative daj' tlie blood pressure was 120/80 and 
pulse 104 On the fourth day the temperature w'as 98 8°F, pulse 88 The wound w'as 
dressed and rubber dam diam removed A,t no time in these first four davs w'as there 
ever any evidence of impaired circulation m the left foot or leg On the tenth post- 
operative day the patient w'as in a wheel chair The pulse rate \aried from 64 to 80 
All sutures w^ere removed on the thirteenth day, and the patient was dismissed w'alking 
on crutches on the following day 

Subsequent Coutse — Three years after the operation the trans\erse diameter of 
the heart had diminished 2 8 cm and the aoi ta 0 4 cm The area of the heart and great 
vessels was decreased by 45 sq cm (Table II and Fig 3) At this time roentgenograms 
showed increased density of the spleen from thorotrast contained in it 

Tcmn II 

C\RDI\C Ml eSUREMBNTS 

Before Operation 

13 6 cm 
29 5 cm 

14 4 cm 
180 sq cm 

TvDLr 111 

OSCII LOMLIRIC Dm RMIVtTIOVS THREE TEARS AFTER OPERATION 
^rca Left Right 

Popliteal area 1 

\nterior tibial aitery 2S cm beloA\ patella IJ/i 5 

Oscillometric determinations thiee j'cars aftci the operation aie indicated m Table 
III The deep circulation Avas almost nil in the popliteal and anterior tibial arteries 
How'ever, the collateral circulation w’as good as indicated by thermocouple readings 
taken at the same time (Table I) 

Discussion — This case illustiates most of the features seen m an arterio- 
venous fistula occuinng early in life The affected leg was longer than its 
fellow, larger in ciicumference, warmer, and exhibited vaiicose veins and 
ulcers The blood pressure and pulse pressure revealed the expected changes 
of hypertension , loiv diastolic pressure and large pulse pressure The heart 
was enlarged and Bianham’s brad3caidia phenomenon could be demonstrated 

It IS important as others have noted, that a contemplated operation on 
an arteriovenous fistula should be delayed until an adequate collateral circula- 
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Trans verse diameter of lieart 
Transverse diameter of chest 
Oblique diameter of heart 
Area of heart and great vessels 


After Operation 
10 8 cm 
29 7 cm 
12 4 cm 
135 sq cm 
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tion has been established This can be detei mined in pait by thernioconple 
studies of skin temperatuie If this instrument is not available, histamine 
(i 01 10,000 solution) will give almost the same infoimation In this case 
a double ligation of each limb of the aneuiysm uas peiioimed, and the patient 
has now been peifectly veil foi thiee yeais 
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SYMPATHETIC DENERVATION LIMITED TO THE BLOOD 
VESSEI.S OF THE LEG AND FOOT II 

Lawrence N Atlas, M D 

Cle\elaxd, Ohio 

FROM THE PERIPHERAL V\SCULAR SERVICE DIVISION OP SURGPRV CLEVELAND CIT\ HOSPITAI , \.ND PROM 
THE DEP VRTMENTS OP ANATOMV VND SURGERV SCHOOL OP MEDICINE WESTERN RESERVE UNIVERSITY 

In a recent piehwmaiy leport ^ the anatomic arrangement of the ganglia 
and rami communicantes of the lumbar sympathetic trunk, as peisonally ob- 
served m the dissecting lOom, and the suigical application of these observa- 
tions weie presented m consideiable detail Tlie pin pose of this communica- 
tion IS to leemphasize, levise, and supplement some of the moie important 
of the oiigmall}'^ published obseivations 





Fig I — Shelving some of the tjpical vnrntions in the topographic anatomj of the lumbar s>m 
pathetic trunk Levels designated oy P are the most caudal at which the trunk may be divided 
without running the risk of obtaining an incomplete denervation of the blood vessels of the leg and 
foot (ref Fig 3 ) 


( 1 ) Because of ei i atic fusion of lumbai sympathetic ganglionic tissue, 
it IS impossible to designate lumbai ganglia on a numeiical basis with any 
degiee of accuiacy 

(2) The only lumbar ganglion which is constant in position and con- 
nections IS that which straddles the second lumbar intervertebral disk, and 
which is constantly connected with both the second and third lumbar spinal 
nerves (This observation has been confirmed by R H Smithwick-) 
Ganglionic tissue connected with the first lumbar spinal nerve may be fused 
with Its rostral pole, and ganglionic tissue connected with the fourth lumbar 
spinal nerve may be fused with its caudal pole (Fig i) 

(3) Because of this unpi edictable variation m the number and position of 
tbe lumbai sympathetic ganglia, it is pieferable to describe a lumbar sympa- 
thectomy not on the basis of which ganglia vere lemoved, but fiom the 
anteiolateial sui faces of which veitebral bodies the trunk was leseited This 
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missed when the trunk was divided This is impoitant in those lare instances 
in which preganglionic impulses leach the sympathetic trunk over a white 
lamus from the third lumbai spinal neive 


At the present time, 68 sympa- 
thetic denei vations, limited to the 
lilood vessels of the foot and leg, 
have been pei formed This limited 
t 3 pe of denei vation has proved to 
be quite adequate foi the tieatment 
of Raynaud’s disease and othei A^aso- 
spastic dystrophies in which the dis- 
turbance was limited to the foot and 
leg It has also been found to be 
of value in the treatment of non- 
inflammator}'’ obhtei ating ai tei lal 
disease of the lowei extiemity in 
which an abnoimal degiee of peii- 
pheial vasoconsti ictoi tone inhibited 
the development of a collaleial 
cn dilation ' 

In thiee instances, sweating and 
vasoconsti iction involving the innei 
border of the lowei leg and foot 
have been obseived postopeiatively 
Roentgenographic check-up of the 
position of the silver clips revealed 
that the trunk had been divided at 
the lower pole of the third lumbai 
A'eitebia instead of at the uppei pole 
thus leaving the postganglionic lami 
to the thud lumbar spinal nerve 
intact 





S 


These thiee cases are consideied 
to be significant because they indi- 
cate that sympathetic fibeis earned 
in the branches of the third lumbai 
spinal nerve may occasionally leach 
as fai distally as the foot This 
may explain the empiiic obsei vation 
of Leiiche,'^ and others, that resec- 
tion of the upper end of the lumbar 
sympathetic trunk often 3 aelds a more 
does resection of the caudal portion 
consistent^ avoided, the exposuie of 


Frc 3 — Diagrammatic sketch of pre and post 
ganglionic simpathetic inner\ation of the blood 
aessels of the lower extremitj P— P indicates the 
point at A\hich the flow of \asomotor impulses is 
interrupted bj dividing the sympathetic trunk it 
the upper pole of the third lumbar \ertebra and 
stripping the caudal portion from the entire length 
of that vertebra Duidiiig the trunk at a lower 
level leaves the postganglionic ramus to L/3 in 
tact Branches of this lamus mav reaeh as far 
distallv as the foot 

Arrows indicate direction of vasoniotoi im 
pulse flow 

W R C = Preganglionic rami 

G R C = Postganglionic rami 

thorough denervation of the foot than 
If incomplete denei vations are to be 
the S3nnpathetic trunk must certainh^ 


be cairied at least as high as the inteneitebral disk between the second and 
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thud lumbai veitebia befoie the tiunk is divided and stiipped (Fig i) 
The question aiises as to how this paiticular spot is recognized at 
operation It is identified by the presence of the large ganglion %\hich is 
connected iMth both the second and thud liiinbai spinal neives It is mi 
pi active to cany the dissection npwaids until this ganglion is exposed and 
to sevei the tiunk thiough the cential poition of the ganglion 

It Mill undoubtedly be obseived b) those Mdio have had expeiience in 
the field of sympathetic neive suigeiy that the technic desciibed is no dil- 
feient fiom that usually emplo}ed It has not been the pin pose of this 
01 the pievious communication to ofltei a new method foi deneivating the 
blood vessels of the loMei extiemity Theie aie no neu' methods foi 
accomplishing this end Rathei, the pm pose has been to piesent a cleaiei 
appieciation of the piecise anatomy of the opeiation of lumbai sympathectomy 
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THE FIFTH BRAZILIAN CONGRESS OF ORTHOPEDICS 
AND TRAUMATOLOGY 
Rio de Janeiro, June 30 to July 3, 1942 

Editor’s Note — Unjoi innately, %ve lecewed the announcement of this meet- 
ing too late to include details of the piogiam in oiu July issue Hoivevei , in the 
inleiest of Medicine in South Ameiica, 7t'e aic piivilegcd and pleased to punt 
the follozmig outline of the Congiess 

The official reports to be discussed at the Congress are. Obstetric Paralysis and Internal 
Derangements of the Knee the former having been contributed by Prof Barros Lima and 
Dr Orlando Pinto de Souza and the latter by Prof Domingos Define and Prof Achiles 
de Araujo 

One of the sessions of the Congress will deal exclusively with War Traumatology 
Various officials such as officers of the Army s Health Corps Navy Aeronautics Fire 
Department and State Police having been invited thereto as well as Civil elements On this 
occasion Prof Albee Honorary Medical Colonel of the American Army and a well known 
traumatologist will lead a conference 
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SYMPOSIUM ON THORACIC SURGERY 

Cr.OSURE OF THE BRONCHUS FOLLOWING 
TOTAL PNEUMONECTOMY* 

EXPERIMENTAL AND CLINICAL OBSERVATIONS 

William F Rienhoff, Jr , M D , 

James Gannon, Jr , M D , 

AND 

Irmtn Sherman, M D 
Baltimore, Md 

TROM THE DEP\RTMENT OF SURGCRT JOHNS HOPKINS UNI\ ERSIT\ BALTIMORE MD 

The ever increasing application of total pneumonectomy to the treat- 
ment of malignant and inflammatory diseases of the lung, places on those pai- 
ticularly mteiested in this pioceduie the giave lesponsibility of increasing the 
maigiii of safety The pioblem consideied in oui discussion is that of closuie 
of the primal y bronchus 

A leview of the hteratuie on expeiimental pneumonectomy impi esses 
one with the fact that, to a gieat extent, the majoiity of the authors have had 
little knowledge of the possible clinical application of the various experimental 
procedures desciibed Due appi eciation, howevei, must be accoided those 
eailier workers whose stimulating lepoits have gn^en so much impetus to 
the advances that have been made, not only in expeiimental but in clinical 
pneumonectomy, since Gluck’s woik in i88i It is, of course, well known that 
anatomic dififeiences exist between the laboratoiy animal and the human 
being which, in large measure, vitiate many of the suggestions that have been 
made in regard to bronchial sutuie On the othei hand, the available clinical 
data on closuie of the piimaiy bronchus following total pneumonectomy aie 
veiy meager, and it is for this leason that we aie presenting our obseivations 
We hope that suggestions will be made to aid us in the solution of the prob- 
lem, and that those whose lesults have been moie successful along these lines 
will repoit them We lealize that all too fiequently oui efifoits have been 
nnsatisfactoiy 

In ordei to contiast pievious expeiimental observations with oui own, 
ve shall piesent oui laboiatoiy data befoie reviewing the hteiature In this 

"^Read before The American Suigical Association, Cleveland, Ohio, April 6 - 8 , 1942 
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way the diiJerence m the technic employed in our series of experimental 
pneumonectomies, and that of others, will be available for a comparative analy- 
sis It IS for this reason that we have chosen to reverse the usual order of 
such a report 


EXPERIMENTAL PNEUMONECTOMY 

The vaiious opeiations were performed under as nearly identical circum- 
stances as possible Therefore, the same anesthetist (T S ), operator (W F 
R ), and assistants (J G , Jr , and IS) earned through all the details of 
each expel iment from the beginning to its final conclusion, thus making for 
consistency in technic The dogs were selected to correspond as closely as 
possible in age and weight , generally speaking, they were young adult animals 
of medium height, weighing on an average about eight kilograms A relatn e 
uniformity in size and age assures one of a consideiable degree of similarity 
not only in the diameter of the bronchus, but in the flexibility of its walls and 
the malleability of the cartilaginous rings 

Our experimental observations extend over a peiiod of more than three 
years, during which time ovei 200 dogs have been subjected to total pneu- 
monectom)'^ In addition to the technic which had been employed m the past 
by various observers, in several of oui eailier series recourse was had to 
methods foi the closure of the primary bronchus that had, heretofore, not been 
used by other investigators The woik of previous authors on experimental 
pneumonectomy was repeated with, geneialljf speaking, comparable results 
It was soon realized that the methods used m the past, m a high percentage 
of instances, weie imperfect, not only in experimental pneumonectomy, but 
also from the standpoint of clinical application 

After a caieful and ciitical analysis of our operative results and those of 
previous observers m expeiimental pneumonectomy, the problem which we 
faced seemed to be divided into two main paits First, to develop a method of 
closure of the primary bronchus of the dog that could be used successfully m 
a high peicentage of expeiimental pneumonectomies, either for the right or 
the left side , and, second, that this method should be one that could also be 
applied to the closure of the primaiy bronchus in the human being A review 
of the literature on experimental peumonectomy reveals the fact that the 
great majority of observations made on the closure of the primary bronchus 
have dealt with the left side In the dog, as in the human being, the left 
bronchus, because of its greater length, lends itself more readily to the various 
methods of closure which have been advocated in the past On the right 
side, however, the primary bronchus is very short, consisting, indeed, of only 
one cartilaginous ring Because of this shortness a simple circumferential 
ligature or inversion of the bronchus, after the manner of Willy Meyer, was 
found not to be a feasible procedure This anatomic difference has made it 
impossible to use other proposed methods which could be applied to the left 
bionchus In our final senes of experimental pneumonectomies the two dif- 
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ferent methods of closure adopted weie woikable in the dog, not onl} for the 
left bronchus but also for the right 

Prehminmy Expoiinents — In successive senes of animals, previousl} 
reported methods employed in the closure of the primaiy bronchus weie 
repeated and also ceitain means of occlusion weie tiled that had not been 
utilized by others Constiicting and transfixing ligatures of silk, difterent 
sized steel and silvei wiies, all forms of catgut, silver bands, fascial ribbon 
alone and in combination with bi aided silk, weie made use of, only to find 
that in many animals the hgatuie would cut through the bionchus between 
the fifth and the tenth day Particulaily was this tine on the light side, but 
legardless of the side the bionchus always opened pioximal to the hgatuie In 
a small senes of animals the left bionchus was filled with litharge, lead oxide, 
and glycerine, between two tempoiary hgatuies befoie the lung was ampu- 
tated This substance was injected in a semifluid state by means of the old- 
fashioned paraffin syringes, and, aftei setting foi a few moments, became 
rock-like in haidness Aftei amputation, the bionchus was closed wnth mtei- 
rupted sutuies distal to the injected mass A high peicentage of the bionchi, 
occluded in this mannei, leaked about the site of injection as the w'^alls dilated 
about the foreign body After many otliei tiials the use of inteiiupted mat- 
tress sutuies ivas found to be the most satisfactory method of closuie 

Final Ea. pel invents — Experimental Opeiations in the First Senes of 36 
Dogs Total pneumonectomy was pei formed in i8 animals on the right side 
and in i8 on the left side All animals lecovered from the operation, living 
for a period of over four weeks, and some as long as six months The sei les 
was begun early in the fall We weie foitunate m losing only two animals 
from distemper but, in all, including the twm m wdiich the autopsy findings 
weie typical of distemper with bronchopneumonia, the pi unary bionchus of the 
operated side w^as peifectly healed The two animals which died of distempei 
had been opeiated upon more than twm months befoie death 

A description of a typical expeiiment is as follow'’s 

The animal was given a preoperative injection of i6 mg of morphine hypodermi- 
cally about one hour before operation It ivas anesthetized by dnp-ether through an 
ether cone, until it had reached a sufficient depth of anesthesia to enable an intratracheal 
tube to be inserted without difficulty This tube was sterile, and care was taken to avoid, 
as nearly as possible, all contamination during insertion, and to introduce the tube only 
part way down the trachea so as to prevent contamination of the primary bronchi The 
tube was firmly fixed to the lower jaw by means of a mouth gag and then connected with 
a continuous flow of air, wffiich by proper adjustment could be completely or partially 
bubbled through ether The intratracheal tube being smaller than the trachea, positive 
intratracheal pressure could be obtained onlj by the anesthetist compressing the trachea 
about the tube A mercury manometer, which constantly registered the intratracheal 
pressure, was connected with this intratracheal catheter The side, either right or left, 
to be operated upon w'as shaved and thoroughlj' cleansed with soap and water, then 
washed with ether, followed by half-strength iodine and alcohol Great care, from the 
technical standpoint, was observed in all steps because of the well known fact that the 
pleural cavity in dogs is easily infected 

An inasion was made (Fig i) over the fourth interspace which, m our experience, 
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Fig I — Demonstrnt;ng locttion of skin nnd muscle splitting t\ pe of incision for experi 

mentnl pneumonectomi 

usually corresponded to the point of maximum impulse of the heart and could easily be 
determined either on the right or left side The incision usually extended for a distance 
of about four centimeters on the dome, so to speak, of the chest, about midway between 
the dorsal and ventral lines The platysma muscle was cut through along the line of 
incision The latissimus dorsi, as noted, was cut along the course of its fibers, which 
IS perpendicular to the incision The serratus muscle w'as separated as the incision was 
carried through the intercostal muscles parallel to the ribs In this manner, a gridiron 
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nor any attempt made to destroy the mucosa either under the suture line or distal to 
It The intratracheal pressure at tins point was always increased to at least 8o Mm of 
pressure, which caused a hyperexpansion of the lung on the unoperated side This 
hyperexpansion would invariably demonstrate the fact that the amputated bronchial 
stump was sealed airtight by the sutures If by any chance there was some hissing or 
other evidence of leaking air, another interrupted mattress suture was inserted The 
mediastinal pleura was' then sutured over the amputated end of the bronchus with a few 
interrupted silk sutures covering the raw surface of the operative field in order to render 
the operation a more finished procedure The routine closure of the chest was accom- 
plished by the use of two pencostal sutures of No lo braided silk (Fig 6) which were 
drawn home and tied as the anesthetist expanded the contralateral lung, expelling as 
much air from the thorax as possible Two, or at the most three, interrupted silk sutures 
were employed to close the opening m the latissmus dorsi and a continuous subcuticular 
and cuticular silk suture was used in the skin No dressing was applied to the wound 
(Fig 7) Silk sutures were used throughout 



Tig 3 — Anatomic demonstration of \entral surface of left lung, showing the hilar structures 
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Section 


I IG 5 — A Demoiisti -itmg the reHtne length of the right *ind left bronchus The 
right IS seen to be composed of n single cartiHginous ring 

B Cross section of bronchus, igain sho%Mng the proportion of the inenibranous 
to the c'lrtiHginous portion 

C Insertion of mattress sutures Htenllv so as to compress the ualls of the 
bronchus Htenlh instend of 'interoposteriorlj 

D, E, 'uid F The completion of this 'ipproxiniation 
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the wound or the pleural cavity occurred in the entire series From time-to- 
time Di E N Broyles pei formed bionchoscopic examinations on various 
animals and made lipiodol bi onchograms, -which showed complete healing of 
the bronchial stump 

In this series, no animals weie saciificed in less tune than four weeks, and 
some were allowed to live as long as six months On account of the shortage 
of cage space and the expense of keeping the animals, there was a necessity 
foi sacrificing them within a leasonable time after operation when the 
bi onchus was unquestionably healed solidly After lipiodol bronchograms had 



Fig 8 — Amtomic demonstration of the right thorax, mediastinum and hilus of right lung in the dog 


been made of each animal they nere sacrificed in a routine manner The 
chest was opened on the opeiated side and filled -with watei With the tracheal 
tube m place and connected with a meicuiy manometei the intratracheal and 
bronchial piessuie vas laised to 200 Mm of mercuiy and in some instances 
to 300 Mm Theie was of couise, a hyperdistension of the lemaimng lung 
Due to the fact that the healed bronchial stumps -were under water, any bub- 
bling of an could be readil)'^ detected There vas no instance in this series 
m nhich the bionchial stump leaked 

It IS to be noted, heie, that a pressure of fiom 8 to 10 Mm of mercury 
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would distend the unoperated lung to its maximum capacity at the completion 
of the operation This fact was determined by inflating the lungs of animals 
in eailier preliminaiy expeiiments The amount of piessuie necessai} to fill 
the chest depends, of course, on the size of the dog, but as stated m the 
beginning, our dogs weie more or less of unifoim size and weight so that an 
average pressuie lequiied for such distention could be determined within 



Fig 9 — Illustration of gross specimens dissected nt nutopsj, showing thiee dist net types of 
healing encountered after suture of the bronchus, as described in the first senes of 36 dogs 
A The conical shaped bronchus that Ins healed as it was sutured at opeiation 
B The sutures have cut through the wall and the open end is healed with a hbious tissue ina^s 
Sutures may be seen to lie in the peribronchial tissue 

C Sutures have cut through, eiidently discharged into the lumen of the bronchus No evidence 
of them in the peribronchial tissue Walls of bionclnis completel} sepaiated and cut end of stump 
healed over bj membranous sheet of tissue 


leasonable limits The healed bioiichial stumps weie caiefully dissected and 
pieseived in eithei formalin oi van de Grift’s solution Senal sections weie 
cut and stained with hematoxylin and eosin 

Expej imental Results m the Fust Scues of 36 Dogs — These showed 
plainl), in the gioss, that on the operated side the mediastinal pleuia was 
eveiy where smooth and glistening and that only a slight dimpling, when a 
pull was made on the trachea, revealed the buiied healed stump of the 
bionchus In eveiy instance the mediastinal pleuia had healed completely 
with an almost invisible scar In all specimens the bionchus foimed a lounded 
stump covei ed extei nally with fibrous tissue When the intei nal sui face of the 
healed bronchial stump was examined it was at once noted, fiom the gioss 
appeal ance, that the healing differed In only i8 per cent (Figs g and lo) 
was the bronchial stump conical m shape, with the appeal ance of being healed 
as it had been sutured at the time of opeiation, the tip of the cone being at 
the point of appi oximation of the anteiioi and posterioi sui faces This was 
considered the ideal type of healing In anothei small group, i6 per cent, the 
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lumen ot the bionchus appealed undimimshed to the end, acioss which theie 
was a flat membiane that completely closed the cut end of the bionchus, veiy 
much as the skin covers a drum It was noted also, that in these instances 
there seemed to be a cential elevation with two lateral depressions at the 
healed end as one viewed the bronchus fiom the inside, as shown in Fig lo 
This elevation appeared to bisect the membiane extending acioss the circum- 
feience of the bionchial lumen with two pits on eithei side In nine pei cent 
the end of the bionchus seemed to be filled with a mass of fibious tissue the 
inside suiface of which was very iiregulai and lesembled, at times papilloma- 
likc foimations (Fig lo) 



B 


Fig 10 — Cro^s section of gross specimens shown in Fig 9 A B and C 
A Bronchus healed as sewn at o|eiation 

B Walls of bronchus separated as a result of cutting of silk siituies and open end 
healed bj the formation of a fibrous tissue plug or mass occluding the lumen The inteiiial 
portion rf the mass is entered with bronchial epithelium 

C Sutures hate cut through in the lumen two mat be seen Bronchi il walls hate 
separated and the open end has been occluded by a thin membrane stretching between the 
cut cartilaginous rings Internal surface of cylindrical end irregular with eletated ridges 
flanked bt depressed areas on either side of ridge 


In the majoiity of animals, 57 pei cent, the mannei in which the bronchial 
stump healed proied to be a combination of the thiee types mentioned above 
Fiom the gioss appeal ance the bionchus would be conical in one portion of 
the healed end while the remaining half appealed to be blunt or lounded and 
coveied over by a thin membrane In instances in vhich the bionchus was 
not entirel} conical but had healed partiall}'' as sewed, silk sutures weie usu- 
ally visible beneath the lining epithelium of the internal suiface of the 
bronchial stump, and vere always proximal to the healed edge of the bionchus 
In seveial instances these sutures had ulceiated pait way thiough the lining 
epithelium of the bionchial stump, but had not been discharged Some were 
neaier the healed end than others, but all weie pioximal to the ultimate line 
of healing (Fig 10) The internal surface of some of the healed stumps, 
that ^\ele not conical but rather cylindrical, was often indented by small tan- 
gential bands or iidges (Fig li) as though the epithelium had grown ovei 
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some piotiuding mass that had plugged the end of the bionchus Sections 
thiough vanous diameteis of the bronchi weie cut scnatuii so tliat a micio- 
scopic study could he made of the difteient t\pes of healing Fiom a study of 
ihc micioscopic sections it was found that the bionchi had healed, as antiei- 
pated fiom an examination of the gioss specimens, in a mannei that pei nutted 
classifying them into foui mam gioups Fust, the ideal oi conical type, m 



Fig II — Inner surface of amputated stump of right bronchus (dog snenficed nftei four 
weeks) shows epithehzation having occurred over iiregulai inteinal surface of fibrous tissue 
mass occluding the end of the bronchus 


which the bronchus had lemained closed as sutured at opeiation and in which 
all sutures had remained in their oiigmal position without cutting through 
(Fig 12) This group compiised 18 pei cent of the animals The second 
division included 16 per cent, in which all the sutures had cut thiough and 
the bronchus had opened completely The cut end had been closed only by a 
membiane which w^as composed of bionchial epithelium and subpleural and 
contiguous aieolar fibrous tissue contributed by the bionchial ivall itself 
(Fig 13) In nine per cent there appealed to be a film connective tissue plug 
w'hich filled the end of the bronchus, the sutuies as placed at operation had 
cut through, the bronchial walls had separated, and the poition of the bionchus 
distal to the suture line was closed by means of this tampon (Fig 14, a and b) 
This consisted of wdnte fibious connective tissue, capillaries, and l3anph 
follicles, as well as appaiently atiophic, non viable poitions of cartilage form- 
ing pait of the bionchial Avail distal to the toaa of mattress sutures In the 
peribronchial portion of tins mass of fibious tissue enc3'sted silk sutures \Aeie 
often found These probabl3 w^eie those mattiess sutures which had cut 
through the Aialls of the bronchus, but had not ulceiated into the lumen and 
hence A\eie not coughed up Such C3’’sts consisted of small abscesses lined 
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Fig 12 — Dog A 2 (section 8 mien \6) Dog sacrificed after four \veeks Conical bronchial 
stump healed as sutured at operation Note aiable bronchial cuff distal to healed stump Ideal type 
of healing such as this occurred in only 18 per cent, shown in gross (Figs 9 and loA) 

Fig 13 — Dog A 3 (section 8 micra, xs) Dog sacrificed after four weeks T>pe of healing 
shown in gross specimens (C of Figs 9 and 10) Bronchial walls opened, healing occurred at end 
of amputated stump Note flattened regenerated epithelium and absence of mucous glands in the 
portion of the occluding membrane that has been drned from subpleural and bronchial connective 
tissue 

Fig 14 — A Dog A 23 (S micra, x6) Dog sacrificed after four weeks Healing of bronchial 
stump has occurred as in Figs 9 and 10, Tjpe B Silk sutures have cut tbrovsh and shown at X 
to he in a c> st like microscopic abscess Note the bronchus occluded by fibrous tissue mass 

B Dog A 27 (8 micra X5) Dog sacrificed after four weeks Cutting silk sutures seen at X 

Fibrous tissue mass has plugged end of bronchus through which epithelium has grown Bronchial 

walls had opened widelj as a result of cutting silk, one suture being extruded into lumen 

Fig 15 — Dog A 9 (8 micra) Dog sacrificed after two months Shows lumen of bronchus 
almost completely closed b> diaphragm of bronchial wall at the site of the suture line However 
sutures have cut through, one may be seen in the lumen above diaphragm Bronchus healed at cut 
end by membrane derived from bronchial and subpleural connective tissue Open communication 
between lumen of main bronchus and cut end 

Fig 16 — Dog A 2 (8 micra, x6) Dog sacrificed after eight weeks Shows cylindrical stump of 
bronchus healed by fibrous tissue plug with two forms of cysts First microscopic abscesses con 
taming sutures which have cut through the wall and separatM the healed stump of bronchus from 
the remaining viable cuff which has in itself healed and formed a cyst like structure lined with 

bronchial epithelium The microscopic abscesses are labeled A, and the cyst formed from the cuff of 

bronchus distal to the suture line is labeled B 
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mainly with small and laige mononudeai s, some giant cells, and polymoipho- 
nuclear leukocytes Theie weie also some cysts which weie lined with 
bionchial epithelium that piobably represented the epithelial lined poition of 
the bionchus which lay distal to the sutuie line This epithelium seemed to 
peisist wheieas the cartilage appeared to atrophy 

In 57 per cent the healing of the bionchus took place m a mannei that 
might be consideied a combination of the above desciibed thiee mam types 
Pait of the bionchus would be healed as sewed at opeiation while another part 
might be filled with a fibious connective tissue plug over which the epithelium 
had grown and had occluded the bionchus Another combination proved to 
be one m which a portion of the bronchus had opened while a small part that 
had healed as sutuied remained as a persistent shelf In some sections this 
shelf would almost but not quite cover over the lumen of the bionchus, leaving 
a small opening into a cyst-hke stiuctuie distal to the original sutuie line This 
cyst-hke structuie had been formed by the apposition of the mediastinal pleura 
and fibrous tissue acioss the open end of the distal cuff of the bionchus (Fig 
15 ) The various combinations of this type of healing are shown m Figuies 
14 A and B, 15, and 16 

This series, therefore, demonstrated to us that, legaidless of the peifecl 
end-results of the expeiiments as far as the suivival of the animal was con- 
ceined, and despite the care m the technic as well as m the method of suture, 
there will be a high peicentage of animals m which the bronchus will open 
entirely, or in pait, because of cutting thiough of the sutuies, and that one 
could not depend upon either the type of suture or the method of its msei tion 
to close the bionchial stump completely and peimanently In this series of 
expeiiments, had it not been for the fact that the mediastinal pleural and also 
the peiibionchial connective tissue had paiticipated m the closuie of the 
bronchus, there would have been many instances m which the bronchus would 
have leaked and the animal would have succumbed 

It was concluded fi om this series of experiments that the technic of closure 
of the bronchus should compiise the geneial surgical pimciples of the mini- 
mum of trauma and the maximum of pieseivation of the viability of the 
tissues Healing of the bionchus is mainly accomplished by a proliferation of 
peribronchial and submucosal fibious tissue togethei with a growth of granu- 
lation tissue derived from the nonseious surface of the mediastinal pleura 
An additional contiibution made by the bronchus is the layei of epithelium 
which seems to be veiy vigoious and needs only a viable base upon which it 
may glow This viable base may be supplied by an occluding mass of gianu- 
lation tissue m the mouth of the bronchus 01 a delicate layer derived from the 
nonseious surface of the mediastinal pleuia 

Expeuviental Opei ahons m the Second Senes of 48 Dogs — It occuried 
to us that it would be interesting to determine whether healing of the am- 
putated bionchial stump would take place if only the mediastinal pleuia rvas 
sutured acioss the cut end of the open bronchus, without any attempt to close 
this open end with either suture or ligature Accordingly, a series of 48 dogs 
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\\eie opeiated upon, the light and left side alternately, thus affoiding 24 
instances of light total pneumonectomy as well as left In this senes tlieie 
ueie tuo deaths fiom distempei at the end of two and one-half weeks, m both 
instances the bionchus uas completely healed and the lesions of distempei 
weie i^iesent and typical 

In this senes of 48 animals, 36 weie allowed to live moie than foui 
weeks, excepting the two that have been mentioned as having died of dis- 
temper, while ten weie saciificed aftei 24, 48, 72, 96, and 120 houis in oidei 
to determine the amount of inciease in intiatracheal piessure that the recenth 
closed bionchus would withstand 

In pievious expeiiments m which the lungs were distended with an in 
both living and dead animals it was found that an increase in intiatracheal 
piessure up to 10 mg of mercury could cause an expansion of the lungs suffi- 
cient to fill the thoiacic cavity completely 

In 26 animals of oui second senes following total pneumonectomy, intia- 
tiacheal piessuie leadings weie lecoided at the time of the completion of 
the opeiation and when the animals were saciificed Immediately following 
total pneumonectomy the conti alatei al lung was loutinely overdistended, in 
01 del to ensuie piopei oxj'genation as well as to secuie apposition of the cut 
end of the bionchus to the mediastinal pleura coveiing this end It is to be 
lecalled that the dogs used weie of as nearly uniform weight as possible, 
aveiaging about eight kilogiams To our surpiise, the mediastinal pleura 
would not allow the escape of an fioni the open end of the bionchus until 
the intratiacheal piessuie was above that lequired to hypei distend the un- 
operated lung The escape of air was lecognized by a faint hissing sound 
audible at the tune of opeiation The low'est pressuie wnthstood at the com- 
pletion of the opeiation was 12 Mm , the highest 50 Mm , and the average 
24 Mm In this second senes of 26 animals sacrificed after four w’^eeks the 
bionchi wnthstood intiatracheal pressure up to 300 Mm wnthout leaking The 
leadings w^eie made with the healed end of the bionchus under water Since 
above 300 Mm of mercur}'^ pi essure the unopei ated lung wall 1 uptui e in some 
aieas, this figure w^as consideied evidence of complete healing In ten in- 
stances the animals w^ere saciificed after 24, 48, 72, 96, and 120 hours follow- 
ing operation In two in which the postoperative duiation of life w^as 24 
hours, the pressure enduied at time of operation w'^as 12 Mm wJiereas the 
postmortem pressure was 300 Mm > Thiee animals sacrificed after 48 houis 
advanced fiom opeiative leadings of 12. 10, and 20 Mm to 300, 200, and 80 
Mm The remaining five dogs revealed almost identical readings Twm of 
them w'ere killed after 72 houis and the remaining three at the end of 120 
hours The operative piessure sustained w^as betw'^een 30 and 40 Mm , whereas 
the bionchi did not leak when the intratiacheal piessure was lun up to 300 
Mm at the time the animals w^ere saciificed This unexpected tenacity of the 
open cut end of the bronchus to the ovei lying mediastinal pleuia and aieolai 
tissue depends primarily, as wall be demonstrated, upon the piesence m the 
end of the bionchus of a fibimous and latei a fibious plug, and, secondaiily, 
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upon the apposition of the end of the amputated bionchus to the nonseious 
suiface of the mediastinal pleuia The constant hypei distention of the lemain- 
mg lung maintains the open bronchial tube in constant contact with the 
coveimg aieolai tissue 

In 30 animals m uhich cultuies weie made fiom the primal y bionchus 
at the time of opeiation, 18 weie infected, B bi onc/iiscpftcus was present in 
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Tig 17 — Illustinting a method of placing presection sutures befoie amputation of right priniat\ 
bronchus m type of closure used in second series of experimental pneiimonectoniies Azvgos \ein 
ma> be seen at upper portion of primary bronchus 


II, B subtths in five, and Staphylococcus albus 01 ciiieus vas giown with 
B anthax and B coh in one each 

The technic employed in these expeimients was as follows 

The total pneumonectomy was pei termed just as in the first senes of expenmental 
pneumonectomies, except that no sutuie was used to close the end of the bronchus on 
either the right or the left side The nonseious surface of the mediastinal pleura was 
sutured across the opening of the proximal end of the amputated bronchial stump This 
was accomplished by means of interiupted presection silk sutures through the lips of 
the incised mediastinal pleura from the posterior to the anterioi aspect of the bronchus , 
at the same time a very small bite of peijbronchial fibrous tissue was taken on the 
posterior and the anterioi surface of the bionchus so that the mediastinal pleuia would 
be held snugly against the cut open end of the bronchial stump (Figs 17 and 18) 
Three such sutures were placed and the bionchus was amputated Since the animals, 
of course, cannot breathe until the sutuies aie tied and the edges of the mediastinal pleura 
approximated over the cut end of the bionchus, as little time as possible must be 
consumed m pei forming this type of operation 

On the left side, three pleural sutures usually sufficed, on the light side, sometimes 
an additional stitch and occasionalh two were required In not one instance was an) 
difficulty encountered in securing close apposition of the mediastinal pleura to the cut 
end of the bronchus The anesthetist, by increasing the intratracheal, and thereb) the 
intrapulmomc pressure in the unoperated lung, caused an immediate hiperdistention of 
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the remaining lung which resulted in displacement of the film-hke mediastinal pleura 
and hilar structure to the operated side This displacement, by virtue of its force alone, 
brought the end of the bronchus m close apposition to the mediastinal pleura However, 
in order to ensure a snug approximation of this pleural surface to the cut end of the 



Fig i 8 — Method of closure of mediastinal pleura over open cut end of bronchial stump 


bronchus, the stitches which brought together the incised lips of the mediastinal pleura 
should at the same time include the slightest bit of the peribronchial connective tissue, 
situated proximal to the cut end of the bronchus It is to be noted here that the film-hke 
character of the dog’s mediastinum, which is nothing but a simple pleural membrane, 
allows in proportion a great deal more expansion of the remaining lung, and, therefore, 
a stronger apposition of its mediastinal pleura to the cut end of the bronchus than would 
occur in the human being It would, therefore, seem more important in the human being 
to secure this approximation of these two structures by sutures 

The manner in which the bionchi healed, as detei mined by gross inspec- 
tion, was attended by the foimation of less scar tissue, except about the end 
of the tube, than in the sutured bronchi The mediastinal pleura as seen from 
the inside of the thoiacic cavity was everywhere smooth and glistening 
Seiial sections were made of the amputated bronchial stumps at diffeient 
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stages in the healing piocess, and showed that in the first few days the 
mechanism of healing was veiy similar, but that the end-results varied some- 
what m then gross and micioscopic appeal ance 

The bionchial stump of the animal saciificed aftei 24 houis appealed, 
grossly, to be plugged with an inverted mushroom-shaped clot, lesemblmg 
in many respects an hematoma (Fig 19) This coagulated mass of tissue 
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Fig 19 — Type of he^llng observed in gross specimens of second senes, in which no sutures 
were used to close the amputated bronchial stump A R 30, sacrificed 120 hours after operation, 
reveals fibrinous coagulated clot protruding into open right bronchus Cross section of clot formation 
revealed As this contracts, it is plain to see from this specimen why, and how, the centermost 
portion forms an elevated ridge with two lateial depressions as seen in B and C, both of which are 
healed bronchi in dogs sacrificed after more than four weeks The sutuie in B, Deg R n, was in 
the pleura, in C, Dog R 2, the elevated ridge has been contracted down by the fibrous tissue substi 
tution, whereas in A, Dog R 30, this substitution has not yet taken place and, theiefore, the fibrous 
clot protrudes further into the bronchus than it will eventually 


invanably protruded into the open end of the amputated bionchus, completely 
filling It, extending into the lumen foi vaiying distances tow aid the trachea, 
it coveied over the cut ends of the bionchus and blended wntli the pen- 
bionchial and subpleuial connective tissue At this stage, the lumen of the 
open end of the bionchial stump was always reduced somewhat in diameter 
and in some instances appealed conical m shape, in others moie cylindrical 
The micioscopic sections corroboiated the gioss appeal ance, and show^ed the 
open cut end filled with a fibrinous coagulated mass which completely em- 
biaced the cut end of the bronchus (Fig 20) Although the bionchus, like 
a blood vessel, wfiien cut across attempts to close itself, the open end of the 
tube was 1 educed in diametei and appeared to be diawii into a cone-shape 
by conti action of the fibrinous plug The fibrinous coagulated mass varied in 
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si/e, depending on the size of the open end of the bionchus Micioscopically, 
It consisted of coagulated fibiin in the meshes of which -were many poh- 
moiphonucleai leukocytes, small lymphocjtes, and lecl blood cells 

Fuithei study showed that as one pioceeded from the inneimost piotrud- 
ing portion of the fibiinous plug peiipheially to the oveiljung pleuia the 



Fig 20 — Dog \ (8 micra, ■^4) Dog sacrificed after 48 houis Note ends of br'nchus at \ in 
winch the entire opening is plugged hv a mushroom shaped coagulated mass Red hlood cells shown 
as dark areas in meshes of fihian Ends of hronclius emhiaced h> coagulated mass 

Fig 21 — R 30 (8 micra \?) Photomicrograph of gross specimen shown in Fig ip A Note 
coagulated mass protruding in hronchus plugging the open end, Z Carina of trachea is shown at X, 
mediastinal pleura at Y This represents the healing of the hronchus at 120 hours 

1 IG 22 —Dog R 29 (8 micia \6) Dog saciificed after two weeks I eht hronchus shows con 

tracting mass of granulation tissue with remaining coagulated fihrous clot still protruding into 
hronchus Fihrous tissue has grown into this mass from perihronchial and submucosal tissue Medias 
tinal pleura shown at \, earina at \ , and ends of bronchus at Z 

Fig 23 — Dog R 18 (8 micra, \4K) Dog sacrificed after foui weeks Although no sutures 

were used in the closure of this bronchus intuiiied cartilaginous rings at the cut end of the stump 
lia\e been drawn completely across the lumen of the bronchus into apposition with each other by the 
contracting fibrous tissue formed about this open end Mediastinal pleura shown at X 

microscopic appearance changed The innermost portion was pi edominantly 
coagulated fibrin, the cellulai infiltiation inci easing as the base of the clot 
was approached Further, the fibiinous mass seemed to blend with the peri- 
bronchial submucous connectn^e tissue, as Yell as Mith the ovei lying sub- 
pleural areolar tissue Often hypertrophic lymph follicles, with conspicuous 
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germinal centers, made up part of this tissue mass The entiie mass was 
coveied ovei with the mediastinal pleuia As if to emphasise the pull oi con- 
ti action of ,the coagulated fibiiii, the epithelial lining and submucosa of the 
cut end would often be drawn m towaids the center of the lumen In the 
specimens obtained from animals after 96 and 120 houis the fibrinous plug 
seemed to contract more and become more dense (Figs 19 and 20) The 
extrabionchial base of the plug was beginning to be invaded by granulation 
tissue, preceded by invading fibi oblasts and endothelial cells This granula- 
tion tissue came fioni seveial sources, namely, the peribionchial connective 
tissue, that l^ing beneath the mucosa, and also the subpleuial aieolai tissue 
(Fig 22) The cellular infiltration seemed to diminish and the fibrinous plug 



Fig 24 — Dog R 5, (micri 8, Dog sacrificed after four weeks Although no sutures 

employed to close open end of amputated stump, contracting fibrous tissue has not only driwn the 
walls of the cut end of the bronchus together, but actually inverted them Epithelium has grown oier 
this p ipillomatoiis infolding This type of healing explains the irregular internal surface of these 
stumps and why there is a central iidge wnth two lateral recesses as one looks down the inside of 
the bronchus 

Fig 25 — Dog R 6 (micra 8, x6) Dog sacrificed after four weeks Cut end of bronchial stump 
healed o\er by thin membrane dented from bronchial and subpleural connective tissue Cut carti 
laginous rings have been angulated bv the contraction of the fibrous tissue 

Fig 26 — ^Dog Ri (micra 8, x6) Healed stump of bronchus by thin membrane derived from 
peribronchial and subpleural fibrous tissue, slight tapering of cut cartilaginous rings in end of 
stump No atrophv of this terminal cartilage 

Fig 27 — Dog R 19 (micra 8 x6) Dog sacrificed after four weeks Right bronchus, termin il 
cartilage pulled completelv icross open end of bronchus Although no sutures whatever used 111 the 
closure, these cartil iges were pulled into this position hv' contracting fibrous ti‘:=uc The remains of the 
coagiilated fibrinous clot may he seen in the papillomatous fibrous mass still protruding into the upper 
blind end of the licalcd stump 
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protruding into the bionchial lumen had begun to retract The granulation 
tissue contiibuted by the peribronchial connective tissue appeared to sweep 
around the cut ends of the cartilagenous rings, joining with that contributed 
by the submucosal layei and eventually connecting with the granulation tissue 
in the center of the lumen oi the fibrinous plug The central portion seemed 
to spring largely fiom the subpleuial areolar tissue In some specimens, at 
the end of 96 hours, the pull resulting fioni the gradual condensation and 
contraction of this granulation tissue would not only approximate the cut ends 
of the bronchus (Fig 23), but in some these edges were actually inverted 
into the bronchial lumen (Fig 24) In otheis there was only slight angulation 
of the cut ends of the bionchus, the granulation tissue forming just a thin 
occluding membiane across the cylindrical end of the tube (Figs 25 and 26) 
There were all variations between these extremes Complete regeneration 
of the columnar bionchial epithelium and the underlying mucous glands 
did not occui Thus, the amount of regeneiation in piopoition to the in- 
ternal lining epithelium varied 111 individual animals Bronchial epithelium 
IS fairly piohfic and the early 72- to 120-hour specimens, as well as those 
some months old, demonstrated the way in which a thin sheet would grow 
into all the iiregulaiities and crevices on the inteinal surface of the protiud- 
ing, conti acted granulation tissue plug In cross-section, both gross and 
microscopic, the mteinal surface was often irregular due to papilloma-hke 
infoldings or bands or both, apparent on the healed inside surface of the 
bronchial stump (Fig 27) There was never any evidence of regeneration 
of cartilage In those instances in which the bionchial walls were approxi- 
mated by the pull and contraction of the granulation tissue, the cut ends of 
the cartilaginous ring were, as stated above, either in apposition or infolded 
or again just slightly angulated After a few months the specimens revealed 
that these bits of cartilage became atrophic, staining a slight pink with eosin, 
and forming part and parcel of the fibrous tissue plug that closed off the 
end of the bronchus Microscopic sections of the specimens of the completely 
healed bionchial stumps, examined some months after the original operation, 
showed a further progression of the healing processes described The vasculai 
gianulation tissue was tiansformed into white fibious connective tissue so that 
the hitherto coagulated fibrinous plug passed through the stage of gianulation 
tissue to fibious connective tissue The final form of the closed or healed 
stump was pleomorphic, varying somewhat in each animal 

Discussion of the Eipei unental Results — In the first series of expeii- 
mental animals it was shown definitely that only in a small percentage of 
instances had the amputated bronchus healed as sewed at the time of opera- 
tion In the largest peicentage the healing of the bronchus showed variation 
in healing, part might be healed as sewed at operation, while the remainder 
would be wide open and healed over b}^ either a fibrous tissue plug protruding 
up into the open end of the bronchus, or a fibrous tissue sheet which appar- 
ently developed mainly fiom the nonserous surface of the mediastinal pleura 
Regardless of the method in which stitches were placed, whether as inter- 
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lupted 01 interrupted mattress sutuies, a high peicentage of these iiould cut 
thiough the bronchial wall and allow the walls of the cut end of the primary 
bionchus to separate, either in part or throughout the entire width of th^" 
bronchus The healing would then take place by the sealing off of the open 
end due to an overgiowth of fibrous tissue from the pei ibronchial and non- 
serous surface of the mediastinal pleura If the latter stiuctuie was sewed 
over the end of the bronchus at the time of opeiation, complete healing oc- 
curred m the manner desciibed in the first senes of animals m which mattress 
sutuies were employed If, on the other hand, as demonstrated in a number 
of previous series, the mediastinal pleuia was not sutured over the end of the 
bronchus, a certain percentage would leak, regaidless of the type of sutuie or 
the manner of its mseition, and as is well known, if the bronchus does open 
between the first and second week, the lesult is usually fatal in expeiimeiital 
animals 

From this second senes of 48 dogs, it may be concluded that the bionchi 
have healed as completely as those m which sutuies were used There weie 
no infected stitch abscesses in the proximity of the healing cut ends of the 
bronchi that might eventually have caused a moie extensive suppuiation, 
hence, in this respect the tissue repair was more perfect in this senes than 
when sutures were used Furthermoie, the morphologic and microscopic 
appeal ance of the healed bronchial stumps piesented the same degiee of 
vanation obseived when sutuies were used to close the bronchi It would 
seem that the tissue which brought about the final closuie of the open end of 
the bronchus must be considered as being denved mainly from the bronchial 
walls 

As has been pointed out, the manner m which this closure takes place 
varies widely One extreme, m which the cut ends or walls of the bronchus 
are mechanically pulled, so to speak, towards the middle of the lumen by 
conti acting scai tissue, lesults in an mturned or even inverted cuff In this 
type the healing by granulation is minimal and the oiigmal bronchial walls 
have actually occluded the open end Thus the tissues bunging about occlu- 
sion of the bronchus are almost entirely derived from the bronchial walls In 
those instances in which the open end is closed by granulation tissue alone, 
it IS fully appaient in the microscopic sections that the fibrous tissue is de- 
rived, at least largely, if not principally, fiom the pei ibronchial connective 
tissue, as well as fiom the submucosa A definite contribution from the sub- 
pleuial areolai tissue is added Epithelial lining glows m from the bronchial 
epithelium, but theie is no appaient new growth of cartilage In this latter 
type of healing it is obvious, theiefoie, that the bionchial walls also contri- 
bute largely to the foimation of the tissues which occlude the open end of 
the bionchus 

It may be stated definitely that in the second series of 48 experimental 
pneumonectomies, healing of the bionchus took place entirely at the cut end, 
as no sutures were employed It may also be said and quite as definitely that 
in the first senes of 36 animals m which the bronchus was closed by inter- 
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lupted inattiess sutuies, the healing in the gieat majority, namely, 82 pei 
cent, of the animals occuiied at the open cut end of the bionchus and not 
along the sutuie line It would, theiefoie, seem reasonable to conclude from 
oui expel imental obseivations that the vital point of healing of the amputated 
bionchial stump is at the cut end and is not 1 elated, in the majority of in- 
stances, to the use of occluding sutuies 

REVIEW OF THE LITERATURE 

The eaihest expei imental woik on lesection of the lungs was lepoited b) 
Gluck, ^ in 1881, when he lemoved the entiie lung on one side fiom six dogs 
and 14 labbits With the exception of two rabbits, all died in from seven to 
ten days In some of the labbits peiicarditis and septic pleuiitis developed 
between the yth and the lOth postopei ative day The operations were pei- 
formed with aseptic precautions It would seem likely that some infection 
fi om within as well as fi om pi obable opening of the hi onchus was 1 esponsible 
foi the death of Gluck’s animals 

Block - also peifoimed expei iments in i88r, with equallj^ discouraging 
lesults He extiipated the lung in five rabbits and foui dogs In only one 
instance was he able to keep an animal alive moie than 14 days The rabbits 
died, foi the most pait, immediately aftei operation The dogs lived longei 
some even to the 14th day Unquestionably, sepsis was the cause of death 
in the animals which did not die fiom the opeiation Foui animals subjected 
to opeiation one month after the original experiments died of fibrinous 
hemoiihagic pleuiitis 

Biondi,® in 1884, repoited his lesults, which weie the best of those of the 
eaily expenmenteis An attempt was made to pioduce a localized pulmonai) 
tubeiculosis by means of the injection of tubercle bacilli into the lung About 
25 to 30 dajs aftei the initial injection of tubeicle bacilli the animals weie 
operated upon and the lung was lesected The experimental animals consisted 
of five dogs, SIX cats, and ten rabbits About half the total numbei died of 
septic pleuiitis 01 peiicaiditis aftei the initial injection Four animals died 
immediately aftei extiipation of the lung, with seven suiviving In nine 
animals pleuiitis developed following extirpation of the lung 

Willard,'* in 1891, peifoimed a successful pneumonectom)’^ in a dog bj 
sutuiing the stump, which he ligated en masse into the wound In 1889 
Murphy^ lost eight of nine dogs with septic pleuiitis In 1907, Tiegel,*^ and 
Mitt,** adrocated the use of a loose silk ligatuie placed about the hilum, to be 
followed by peripheial ligation of the A^essels to that poition of the lung to be 
lesected The bionchial stump w^as cauteiized and ligated distal to the first 
mass ligature This method, as wmuld be expected, w^as followfed by hemor- 
ihage and bionchial fistula Fiedeiick,” in 1908, advocated separate ligation 
of the hilai stiuctures and removal of the mucous membrane from the 
bronchus to such an extent that the denuded bronchial w^all could be appioxi- 
mated and ligated 

Danielson,'* in 1908, suggested the use of silk to close the main bronchus 
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Robinson,^ also in 190S, peifoimed Ihoiacotomy upon 30 dogs undei positnc 
piessine anesthesia In 12 of the animals pleniotoin} was perfoimed without 
inteifeience wnth the lung In 15 animals opeiated upon, pait of 01 an entire 
lobe w'as lesected, one w'lth lemoval of two entiie lobes and one with lemo^al 
of the entile lung Theie w'-eie five deaths fiom sepsis, one case of sepsis being 
due to leakage fiom the bionchial slump Theie weie foui additional cases 
of infection, due to localized emp3^ema 01 paiietal wound infection, the ani- 
mals, how^evei, lecoveied 

In 1909, Halsted peifoimed 21 consecutive thoiacotomies in wduch theie 
w'as only one piimaiy infection of the thoiacic cavit) These lesults contiasted 
stiikingly wath the eailiei lesults, maiking wdiat might be called the advent of 
aseptic suigeiy applied to the thoiax Halsted, assisted by Willis D Gatch. 
concerned himself chiefl) woth the bionchi and the vessels at the lOot of the 
lungs and vaiious lobes Occlusion of the mam, and of the piimaiy and sec- 
ondaiy divisions of the bionchus was piacticed, vaiious methods and almost 
all degiees of occlusion being tested The lung w’as only occasionally excised 
Bionchial occlusion w^as seemed by ligations with metal bands In no instance 
w'eie the expeiimenteis able to citish the bionchial w^all w'lth the encii cling 
bands, and in no instance did these bands give use to pulmonaiy emphysema 
01 dilatation of the bionchus The bionchus could not be obliteialed by bands 
They also found that ligatuies of black silk did not completely occlude the 
bionchus 01 peimanently obliteiate it unless the mucosa w’as ciushed Pei- 
manent obliteiation w'as accomplished following bisection of the bionchus. 
caieful excision wnth the scalpel of its mucosa, and approximation of the law 
sui faces by lunning sutuies of fine black silk By this method the bionchus 
could be con veiled into a solid fibious coid Halsted gave up the inveision 
of the bionchus because it seemed loo shoit foi nice adjustment 

In this aiticle Halsted did not lefei to the use of mattiess sutuies noi 
did he state wdiethei the sutuies weie put in the end of the bionchus 01 
thiough the bionchial wall pioximal to the cut end We have lepeated his 
obseivations, employing mattiess sutuies, and have found the closuie to be 
veiy satisfactoiy in the dog and also m the human being Halsted’s expcii- 
ments lepiesent, up to that time, the most fundamental contiibution to the 
suigeiy of the lung, paiticulaily w'lth icgaid to the closuie of the piimaiy 
bi onchus 

Willy Meyei,^^ in 1909, desciibed an iineision method 111 wduch the 
bionchial mucosa w^as undistuibed In 21 extnpations theie weie foiii 
deaths due to sepsis and to leakage fiom the bionchial stump The mam bron- 
chus was ciushed and ligated The method of Willy Meyei is undoubtedl) a 
veiy satisfactoiy one foi expeiimental pneumonectomy, although unnecessan 
m the light of oui piesent expeiience but this method is a typical example 
of one desciibed many^ times since m the hteialure, which is totally inap- 
plicable to human beings, mainly because of the stifincss and ngidity of 
the bionchi 

Robinson and Saueibiuch,^- in 1909 lepoited 38 total extnpations of 
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the lung in which there were four recoveiies Their leport of other expeii- 
mental results included those of von Haecker They claimed that five animals 
died fiom sepsis and ii from leakage from the bionchial stump, and that m 
i8 theie was a tiansudation into the pleural cavity upon the operated side, 
followed by death This was moie than likely a septic pleuritis 

Quinby and Morse,^^ in 1911, in their senes of expeiiments, pointed out, 
for the first time, the importance of peribionchial tissue and its use in tihe 
closuie of the bionchus, and called attention to the fact that they were never 
able to secuie an an -tight closure of a bionchus which had been thoroughly 
isolated before tying They fuithei suggested, in accordance with the point 
brought out by Tiegel, that bionchial wounds heal best when the stitches 
aie placed only in the peribionchial tissues They also stated that inversion 
of the primary bionchus on the right side, before the departure of the branch 
to the upper lobe, is impossible because it is too short Quinby and Morse 

called attention, foi the first time, to the advantage of employing a lappet 

of lung which is opposed by a stitch to the hilus denuded of pleuia because 
as they said, “as is well known the lung has adhesive and walhng-off power 
quite like the omentum,” and they lecalled the adhesions of the lung to an 
esophageal suture in pievious expeiimental work They also described, 
completely, the intrathoiacic restitutional mechanism by which, following 
total pneumonectomy, the vacant thoracic cavity is filled up by the heait and 
the contialateral lung moving over towaid the opeiated side “The diaphragm 
rises and the ribs flatten with then intei spaces shoitened ” Overmflation 
of the lung as the thoiacic cavity is closed w^as lecommended Another 
valuable suggestion that these authois made is painting with tincture of 
iodine the region of the lung root aftei it has been carefully dried and the 

toilet of the wmund completed This is the first time this important step had 

been mentioned 

Quinby and Morse opeiated upon 38 dogs, 30 of which recovered and 
eight died The right lung was excised in 17, with three deaths, the left 
in 21, wuth five deaths There w^as no mortality in the last nine cases Un- 
questionably, Quinby and Morse’s contiibutions to thoracic surgeiy must be 
considered among the most fundamental, and wmuld seem to have been in- 
sufficient!}' emphasized in the literature 

In 1912 Garre^^ advocated sewing a piece of lung tissue over the open 
bionchus after having placed a ligatuie about the latter structure This 
method has been suggested independently, m recent years, by Chui chill 

Henschen,^^ 111 1914, proposed the introduction of a roll or plug of fascia 
into the lumen of the divided bronchus, the stump being closed over it This 
procedure \vas latei carried out by Halsted and Ciowe Giertz,^® also in 
1914, used fascia to close the bionchial stump by suturing it over the end of 
the bronchus and using silk stitches to hold the fascia in place The bronchus 
was first closed wuth mattiess sutures of silk and then covered by the fascia 
which w'as sutured to the pei ibi onchial tissue This method was similar 
to but not exactly like the one advocated more recently by Taffel in 1940 
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Gieitz operated upon lo dogs and lost two of them In 1914, Kawamura^" 
reported his observations on expei imental pneumonectomy, having opeialed 
upon 23 animals, three died of sepsis, two deaths being secondaiy to leakage 
from the bionchial stump 

Heuer and Dunn,^® in 1920, reported their lesults on expei imental pneu- 
monectomy in which they employed all the diffeient methods of sutuiing 
the bronchus that had been used before that time Then lesults confiimed 
many of the pi evious observations made by Ouinby, and also by Kau amui a, 
m regard to the fate of the mtiapleuial cavity resulting aftei lemoval of 
the lung and the methods foi its obliteiation, as well as the leactions on the 
part of the remaining lung to the presence of simple dilatation of the definitive 
respiratory unit, namely, the ductus alveolaiis, the atiia, and the alveoli, 
instead of an hypei trophy and h)'peiplasia of the lung paienchyma In 
23 dogs in which total pneumonectomy was piacticed theie weie 13 lecoveiies 
and 10 deaths, the fatalities occuning fiom foui days to two months aftei 
opeiation Six of the deaths were due to epidemics of distemper The post- 
mortem examinations m this gioup did not show a single instance of 
infection of the parietal wound 01 pleuia or leakage from the bionchial stump 
One animal died of a simple pneumonia, unassociated with other evidences 
of distempei One animal died fiom staivation two months aftei operation 
Two animals died of acute pneuinothoiax, the lesult of leakage fiom the 
bronchial stump, and in one of these the failuie to secuie adequate closuie 
of the bronchial stump was intentional One died of neci osis of the bi onchial 
wall following application of a flattened metal band In eight animals the 
bronchus was crushed and transfixed by a single hgatuie of heavy EE silk, 
and It IS stated that m none of these animals did the bionchial stump leak, 
nor was theie any pleural infection, all having lived more than one month 
following operation The size and age of the dogs so opeiated upon was 
not stated This point is brought up because it is a well knoivn fact that 
in younger dogs and puppies, as well as in childien, simple ligature is often 
efficacious, whereas it is not so in oldei and larger dogs and in adult human 
beings It IS also interesting to note that m five of the dogs, so opei ated upon 
by Heuer and Dunn, the bionchial stump had reti acted into the mediastinum 
and was covered by mediastinal pleuia, although this had not been sewed 
over the stump at the time of operation 

It IS inteiesting to note that the illustiations of the healing of the bionchus, 
m the gloss, shoiv that exactly the same type of healing occuiied in the 
bionchi which weie ligated that we, in our senes, found to occur in the 
end of the bronchi in which no hgatuie or stitches weie placed, the medias- 
tinal pleuia having been meiely drawn ovei the open end I lefei par- 
ticularly to Figs 4 and 5 in Heuer and Dunn’s article This fact would 
seem to suggest that, m then senes, the ligated bionchi had become spon- 
taneously covered wnth mediastinal pleuia and had healed as did those in 
our senes that w'eie intentionally coveied wnth seious membiaiie the ligature 
probably having cut through and allowed the walls of the bronchus to open 
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up, as shown in then illustiations If the ligation had held, the bronchial 
stump should have remained conical as left at operation In illustration 3A, 
howevei, the end of the healed bionchus is of the same diameter as the lumen 
of the pioximal poition of the stump Figure 3 A, especially, looks as if the 
walls of the bionchus had completely opened and subsequently healed by a 
fibrinous plug in the cut end 

The micioscopic sections are even moie suggestive of healing in the 
mannei of those of oui second senes, in which no stitches weie placed in 
the wall of the bronchus In then Figtiie 6 the mesial section is again 
similar to oui expeiiments in which no attempt was made to close the 
bionchus In othei woids, the bionchial stump is healed with a fibrous 
l^lug , and if a conclusion can be reached from the study of photogi aphs, it 
would seem hkety that a numbei of bionchi in Heuei and Dunn’s series 
had opened b} being cut thiough by then hgatuies 01 sutures and had healed 
in the mannei described in oui second senes Their illustiations, both gross 
and micioscopic showing the methods of healing following the use of differ- 
ent types of ligatures and sutuies in closing the bionchus, aie exactly similai 
to OUI illustiations in which the bionchus healed without any sutuies 01 
ligatui es 

As one leviews the sections of the healing of the bronchial stump in the 
aiticle by Heuei and Dunn, it would seem probable that their excellent 
lesults weie obtained, as weie ouis, by healing of the bronchus thiough a 
fibious or fibrinous granulation plug rathei than from apposition of the walls 
by any particular method of sutuie 

We aie particularl}'^ inteiested in Heuei and Dunn’s report because in 
OUI fiist senes of animals we also were of the opinion that the method of 
sutuie employed had a great deal to do with the type of healing We soon 
discovered, ho\\evei, from the gioss and microscopic appearance of the 
healed bionchial stumps, that our lesults were exactly similar in eveiy re- 
spect to those of Heuei and Dunn , and, except foi the fact that they 
intentionally employed for closuie two methods which they were sure would 
end fatally, their results were as favoiable as ours Heuer was the fiist to 
demonstrate the micioscopic apj^eaiance of healed bionchial stumps and also 
to point out that similai lesults were obtained following a vaiiety of methods 
of closuie 

In 1924, Bettman^*' reported his expeiiment in which he peifoimed 
lobectomy, pneumonectomy, and isolation of the entire lung in dogs He 
stated at the beginning of his paper “Aftei a piotracted study of the subject 
and aftei numerous experiments, it must be admitted that we have not been 
able to close the large bronchi with any ceitainty of success by any of the 
methods repotted We have ai lived at conclusions diameti ically opposed to 
those of Heuei According to oui expeiiments, an isolated laige bronchus 
will not heal Smaller bronchi can be sealed, but the tissues which close 
them are not derived from the bronchi themselves, but from the pei ibronchial 
structures In short, following pneumonectomy, our dogs almost inva- 
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nably (theie \\eie t^^o exceptions) died Following simple lobectomy the 
dogs almost always lived In the gioup in which lobectoni) nas done the 
secondaiy bionchiis of the lobe vas closed vith a simple ligatiiic of No 2 
catgut, and. at autopsy, it vas found that the visceial pleuia of the adjacent 
lobes was glued over the amputated bronchial stump by adhesions On 
micioscopic examination the sections showing the healed bionchi re^ealed 
that the occluded end vas blunt lather than conical” This indicated to us 
that the ligatuie had given way and the bionchus, opened up, subsequenth . 
healing, as in oui senes, m juxtaposition to the pleuia Bettman states 
‘Tn the majoiity of oui sections the lemaining lung was plasteied o^el the 
cut end of the bronchus and it was appaiently this leaction which had saved 
the bionchus fiom leopenmg The fibious tissue wdnch had closed the 
bionchus seems to have spuing fiom the visceral pleuia fiimly holding this 
pleuial cap ovei the cut end ” 

Bettman’s illustiations, both cameia lucida diagiams and photomicio- 
giaphs, aie similai 111 eveiy lespect to ours He mentions cysts lined with 
epithelium which appealed 111 the blunt occluded end distal to the closuie 
of the lumen of the secondaiy and teiliai) bionchi These cysts w'eie as- 
sumed by Bettman to be due to infolding of poi lions of the lumen of the 
bionchus by the ligatuie, but he thought that these cysts 1 educed the 
stiength of the occlusion of the bionchus This has been found by us not 
to be true The cysts, as we have pointed out, aie due entiiely to the 
pieseivation of live epithelium distal to the ligatuie 01 sutuie line of the 
bronchus regardless of wdiethei it is a piimaiy, a secondaiy, 01 a teitiaiy 
bionchus Also, we feel that Bettman consideied the bionchial w'all ineit 
We agiee with this obseivation fioin the standpoint of legeneration of 
caitilage, but m no othei lespect The peiibionchial connective tissue 
togethei wuth bronchial smooth muscle, iniisculaiis mucosae, and the fibious 
tissue spimging theiefiom, as w^ell as the mucosa, contiibutes ahvays to the 
closuie of the end of the bionchus In one instance Bettman mentions a 
lobectomy of the light lung in which the bionchus was ligated and on healing 
“theie w'as a veiy fine meinbiane of connective tissue w'hich stretched 
across the bionchus much as a thin piece of lubbei might be stretched ovei 
the end of a metal tube Any slight inciease in piessuie undoubtedly w'ould 
have torn open the bionchus” This assumption, of couise, was found 
by oui diffeiential piessuie leadings to be fai fiom the actual case This 
thin inembiane of connective tissue which Bettman lefeis to is an ideal form 
of healing m closuie of the bionchus 

In Bettman’s senes of 26 dogs, in w-liich the toiol hirg had been remoied 
ail except one died within the fiist week Aflei leviewmg Bettman’s expeii- 
ments, the only explanation that we can make is that in those in which catgut 
W'as used as the sutuie matenal, the catgut piobably gave way Cauterization 
of the stump of the bi onchus and ci ushmg it pi obably also pla\ ed their pai I 
because autopsy levealed that the stumps whether iineited b\ silk 01 b> 
catgut, opened This lesult must have been due to necrosis of the tissue in 
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which the stitch was taken as a lesult of crushing and cauterization If we 
may interpret expeiiments fiom a previous author’s work, it would be our 
opinion that if these stumps, m spite of the fact that they weie crushed and 
cauterized, had been coveied with mediastinal pleura or pleuralized, in all 
probability, a high percentage of them would have successfully healed and 
the dogs would have survived 

It would seem to us that Bettman’s series is sufficient evidence that catgut 
should not be used, and also that any tiauma, such as theimal or chemical 
cauteiization or mechanical crushing, should be carefully avoided 

In a later contiibution Bettman, et al in 1928, reported another experi- 
ment which supported the impression that we obtained from Bettman’s fiist 
leport, namety, that neciosis of the cut end of the bronchial stump and 
the tissues sui rounding it will prevent pi unary healing of the bronchus and 
thus allow hgatuies in this region either to cut through 01 to pull out Such 
necrosis will also prevent successful pei pi iinain agglutination of the ampu- 
tated bionchial stump to opposing stiuctuies such as overlying pleura Their 
leports show that in a senes of six dogs, in which there was massive ligation 
and crushing of the stump pievious to the lobectomy (not pneumonectomy), 
four of the animals died of leopening of the bionchial stump, whereas in 
seven dogs in which the vessels were individually ligated, without trauma 
fiom crushing 01 cauterization, only one died from some cause other than 
opening of the bronchial wound These observers performed only one total 
pneumonectomy and the method of closure of the bronchus was not given, 
but it is to be assumed from then lepoit that it was piobably ligated with 
catgut This dog died on the 6th day fiom reopening of the bronchus, 
and the authors came to this conclusion “We did not feel justified in 
sacrificing any more animals to prove that the bronchial stump fails to 
remain closed following pneumonectomy m contradistinction to lobectomies ” 
It IS unfoitunate that Bettman and his cowoikers did not apply then 
lobectomy technic to pneumonectomy , in other words, that they did not cover 
the amputated bronchial stump, for their observations in the healing of the 
secondar}^ and tertiary bronchi following lobectomy aie similar in all re- 
spects to our observations following total pneumonectomy 

Feierinann,-® in 1925, leviewed various methods of closing the bronchial 
stump, and concluded that the method to be preferied was that suggested by 
Willy Mej^er Up to that time, however, previous authors had had just as 
successful healing with other methods of closure as with that advocated 
by Meyer 

Joannides,-- in 192S, suggested leaving a portion of the lung tissue 01 a 
lobe in contact with the amputated bronchial stump, in other words, cutting 
through a portion of lung tissue This procedure is impractical and obviously 
vould prevent one fiom doing a total pneumonectomy It is, theiefore, an 
aigument that, in our opinion, is not pertinent 

Schleutei and Weidlein,-" in 1928, suggested invagination of the bronchus 
by cutting the primary and secondary bronchi between ligatures and then 
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inverting each with a purse-string sutuie of No i chromic catgut and, in 
the case of the piimaiy bionchus, reinforcing it b) thiee mattiess siituies of 
silk By this method the author pei formed foui total pneumonectomies, 
following which one animal died of empyema on the fouith day The objec- 
tion to this method is the same as to the method of Willy Mejer, in that 
it IS not piactical and applicable to the human being, noi is it necessaiy foi 
a successful closuie of the primal }'■ bionchus in the animal 

Nisson,-"^ in 1931, suggested hgatuie en masse as a two-stage pioceduie, 
suiiounding the lobe to be excised with a coaise silk-mesh bag to obliterate 
the pleural cavity, followed by amputation two to foui weeks latei This 
method may have some application m siippuiative cases, but would, it seems 
to us, prove inefficacious when dealing wnth malignancy 

Adams,-^ in 1931, attempted to pioduce bionchial stenosis by the use of 
35 pel cent silvei nitrate injected intiabionchially prioi to opeiation This 
pioceduie would seem ideal but w'as not successful in oui hands, except in 
one case m the human being 111 wdnch theie w^as a small opening m the 
bionchus following amputation of the lung This method of Adams’ w^as 
successfully used in experimental closuie, but we believe that the human 
bionchus is too iigid to be stenosed in this manner 

In animal experimentation Blalock,-® in 1933, found the method of Adams 
to be associated wnth a lathei high moitahty due to mflammatoi} sequelae 
following the application of the silver nitiate to the bionchial w'all 

Longacie,-” in 1935, using a method of inveision of the bionchus, operated 
upon a senes of 30 dogs and found, as have otheis, that silk hgatuies w'eie 
to be pieferied to catgut, he show^ed that m Senes (A), 12 dogs, m which 
chiomic catgut was used, the mortality was 75 pei cent, and the incidence of 
bionchial fistula 66 6 pei cent, wdieieas in Senes (B), 18 dogs, the mortality 
was 16 16 per cent, and the incidence of bionchial fistula 5 5 pei cent, wheie 
the suture matenal employed w^as fine and medium silk 

It is mteiestmg that in the expenments of Longacie,-" in 1935, in wdnch 
catgut was employed and the bionchus opened, he found the healed closuie 
to be the same as in our series 111 which no sutuies w^ere placed 111 the cut 
end of the stump He says “The openings w^eie sealed over wuth a loose 
netw^ork of newly formed granulation tissue By the end of thiee or four 
wrecks this had become more dense and the stump consequently moie solid 
By this time the extei nal sui face of the stump w^as pleurahzed and the mucous 
membiane w^as staiting to covei the iniiei suiface of the bronchial slump” 
It IS inteiesting to note that Figuie 9, in Longacie’s leport, showing the 
healing of the bronchial stumps denionstiated, as did Heuer’s and ouis. the 
same type of healing, yet the method of closuie emplo}ed bj Longacie was 
entiiely diffeient fiom those used by Heuer, and by us 

In 1937, Thomas cf al piesented a technic for total pneumonectom} m 
animals in wdnch they stated that tw'o encii cling sutuies w^eie placed about the 
lumen of the bronchus tight enough to occlude the lumen, but not tight enough 
to ciush the bionchus or the peiibionchial tissue This piocedure requiies a 
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delicacy in tying which is not given to the average surgeon foi the i esistance 
of the epithelium to the occluding hgatuie must be very difficult to appieciate 
Peiibionchial tissue was utilized by them to oversew the stump of the 
bronchus In all thiee layeis of sutuie line weie generally used, and the 
bionchial stump was pleuiahzed, much as the cervical stump is peiitoneahzed 
following hysteiectomy Undei '‘Results” they did not mention the numbei 
of dogs opeiated upon, but meiely said that a “few” were lost Under “Cause 
of Death” they stated that “foi the few dogs that died aftei operation the 
average length of life w'as 7 3 days ” They did not state how^ many dogs died 
No mention is made of the method 01 type of healing as evidently the 
bionchial stumps were not examined postopei atively 

In 1940, TaffeF'* suggested closing the opening m the low^er end of the 
liachea, following lemoval of the left primaijf bronchus “wnth a stamp of 
deep thoiacic fascia” He employed this method successfully in tw^o dogs 
The desciiption of the microscopic findings and the illustrations of the healed 
bionchial stump (Fig 10, Dog No 426) again shows the same type of healing 
that w^e found to take place in our second series The fascial grafts wdnch 
Tafitel used had disappeared after 8 and 12 w'eeks, when the dogs w'eie 
sacrificed As Taffel suggests “The giaft did not ajipeai to lemain viable 
but acted as a tempoiaiy and an tight scaffold ” As m our series, the bronchus 
in these two instances was held together by granulation tissue The cut 
cartilaginous rings aie almost approximated by the pull of the contracting 
fibious tissue, as shown 111 Figure 10 of Tafifel’s aiticle Tafitehs suggestion 
is a very ingenious one which wull undoubtedly piove to be useful in certain 
cases of pneumonectomy in man 

Staffoid,^^' in 1941, lepoited a plastic closuie ot the bronchus m a 
series of 33 dogs, in which thiee died because of technical difficulties and 
thiee from tracheal fistula Staffoid also coveied the opeiative field wnth 
mediastinal pleuia, simply with the idea of coveimg ovei a denuded area 
No data 01 desciiption of the microscopic appearance of the healing of the 
amputated bionchial stumps are given Howevei, it is unlikely that such 
a method, in which flaps of the bionchial w'^all aie to be used in ordei to 
close the open end of the amputated bionchus, w'ould be applicable to the 
human being Othei than the anatomic difteiences between the piimary 
bronchus of the dog and the human being, that is, the inci eased iigidity of 
the human bionchus, there is also the fact that the pi unary bionchus is 
usually involved in the giow 4 h foi which the lung is to be lemoved Theie 
IS theiefoie, not enough ol the bionchial w^al] lemainmg from wdnch to select 
and cut a flap 

Thus It wmuld appear that in the majoiity of instances of expeiimental 
pneumonectomy the bronchial stump healed m the same manner legardless 
of the type of closuie employed, wJiether sutured 01 ligated or wffiether an} 
closuie w'as attempted at all, piovided the end of the amputated stump had 
been pleurahzed, eithei intentionally or spontaneous!} This fact would 
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seem to nullify the influence of any particular type or method of sutuie 
upon the manner in which the healing of the bronchial stump occurred 

CLINICAL OBSERVATIONS 

Clinical observations on the closuie of the human pi unary bionchus in 
a series of 6i consecutive total pneumonectomies, extending over a period 
of nine years (since 1933), have emphasized the fact that to obtain the 
optimal healing of this structure, certain proceduies m the closuie must be 
obseived In the eaily cases of this series various methods were employed 
to close the bronchial stump, pnmaiily because the clinical data on this 
subject weie extiemely meager, and, secondarily, because suggested pro- 
ceduies emanating from experimental pneumonectomy weie not applicable to 
the human being It w^as, therefore, concluded that closure of the primary 
bronchus in the human being was an individual pioblem due mainly to 
anatomic differences fiom other species, which could not be worked out in 
the laboiatory but must be solved in the opeiating 100m Thus, many 
diffeient methods of closing the human bronchus weie lesoited to, which 
employed both absorbable and nonabsorbable sutuie mateiial applied in 
various ways It was eail}'- recognized that absoibable sutures were too 
frequently uniehable and this type of sutuie was soon given up Circum- 
feiential ligatuies of fascia, bi aided silk, different wires, and bands were 
discaided because it was found that they would cut thiough the bronchus 
In 1939, the employment of a pi unary enciiclmg ligature about the bronchus 
was suggested in addition to the use of mattress sutures to close the end 
of the stump Although this method was the most successful employed m 
this senes of cases up to that tune, m many instances the closure was 
unsatisfactory In foui cases the circumfei ential ligature was coughed up 
after the patients had been dischaiged fiom the hospital foi some months 
In otheis, there was reopening of the stump to a gi eater or less degiee 
The majoiity of these patients Iwed, and fortunately a localized aiea of 
suppuration was walled off which diamed for months, but eventually healed 
In three, it was necessaiy to peiform a posterioi thoi acoplasty to bring 
about closure of the chiomc empyema cavity and of the bronchus 

The success 01 failure of the closuie depended on unknown factors aiding 
or inteifeimg with complete healing Why, with the same technic of 
closure, would the majority heal solidly while a mmoiity opened to some 
degree^ Of the 61 patients upon who total pneumonectomy vas performed, 
47 (77 I cent ) lived In 34 of these (72 3 per cent) the bionchus healed 
without leaking An opening occuiied in 13 (277 per cent) who sur- 
vived and, excepting the three upon wdiom a posterior thoracoplasty was 
pel formed, the bionchial fistula, in all, eventually closed spontaneously 
Autopsy on the 14 (22 9 per cent) patients wdio died m the hospital re- 
vealed that m thiee the bronchus had opened wude within the first week 
Twm of these closuies w^eie made wnth catgut and w'eie early cases m the 
senes, but one was a recent case closed wuth silk sutures Tins patient’s 
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case was of particular interest and will be discussed latei in this papei 
Absorbable sutuies are no longei employed as they aie now considered 
unsafe Nevertheless, with the first 30 patients there was increasing appie- 
hension concerning the clinical postoperative course during the second week 
It has been usually about the tenth to the fouiteenth postoperative day that, 
beginning with an elevation of temperature and pulse late, piogiessive and 
unmistakable signs of bionchial leakage have occuried in these unfortunate 
patients Including the three patients who succumbed as a lesult of opening 
of the bronchus, together with the 13 who survived partial opening, that is 
to say, 16 cases out of a total of 61 complete pneumonectomies, the closure 
of the primary bronchus was insecuie 01 failed to heal solidly in a startlingly 
high percentage of cases (26 2 pei cent) 

At a loss to coriect our faults following a critical analysis of all the 
expel imental and clinical data available, we decided to take the pioblem to 
the laboratory in older to determine the mechanism by vhich and the manner 
in which the bronchus would heal, and at the same time to deteimine a 
method which would piove to be satisfactory m the experimental animal 
and applicable as well to man The experimental data have been piesented 
in the first part of this papei 

In addition to the experimental observations, however, the oppoitunity 
presented itself on six occasions to study the method of healing in the human 
bronchus from autopsy specimens Autopsies were obtained on six patients 
who had survived total pneumonectomy for vaiymg lengths of time and in 
whom the cause of death was uni elated to the operation Fiom the clinical 
standpoint, the bionchi had healed solidly in each case, and this impiession 
was confirmed at autopsy by increasing the intratracheal piessuie sufficient!}' 
to hyperexpand the opposite lung wuthout producing demonstrable leakage 
fiom the closed bronchial stump As m the experimental animals, the 
operated side w^as filled with watei in order to facilitate the detection of 
bronchial leakage by the appearance of bubbles In each instance the 
bronchus had healed completely and there was no leakage When micio- 
scopic sections of these healed stumps w'-ei e examined, how^ever, it w as 
noted that the manner and method of healing varied somewJiat in the different 
individuals but followed exactly along the lines of our experimental ob- 
servations In not a single instance had the bronchi healed as sensed at 
operation, because in each case the ligatures or sutures or both had cut 
through and had either been coughed up or had remained encysted outside 
of the bronchial wall As in the expei imental closure the open end of the 
bronchus had healed by becoming filled with a fibrous tissue plug derived 
from the peribronchial, submucosal, and subpleural areolai tissue In one, 
the w’^alls of the bronchus had actually become inverted by the pull of the 
contracting granulation tissue All of the healed stumps were more of the 
cylindrical than of the conical type In the first patient death occuried twm 
davs after total left pneumonectomy, as a lesult of a plugging of the mitral 
orifice b} a pedunculated fibroinyxoma of the w^all of the left auricle In the 
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Fig 28 — \uto|)s\ CHI (mien lo, \4'X) Slioiis walls of bronchus at X, 
ovgainzmK granuUnug tissue plug at \, occluding the bronchus, cutting silk 
sutures shown at Z, otheis )uohabi> discharged into lumen Specimen two weeks 
postopcratii e 



Fig 29 — ^Autopsy JHH, No 14428 (micra 10, X4K) Death 19 da>s 
postoperative Bronchus originally closed with interrupted mattress sutures 
Cuff of open end of bronchus inverted by contracting fibrous tissue about the 
healed end of stump Mediastinal pleuia noted at X Contribution of 
bronchial fibrous tissue observed at the ends of the cartilaginous iing approx 
imating the ends of the bronchial stump 
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microscopic sections the very eaily stages of the closure of the bronchial 
stump by a coagulated fibrinous clot was observed, which coriesponded m 
all respects to our experimental findings In this patient the bronchus 
had been closed with mteriupted mattress sutures of silk, but the open cut 
end distal to the suture line was already undei going the early stages of 
cicatiization due to the formation of surrounding granulation tissue 

The second patient m this series of autopsies died from a massive pul- 



Fic 30 — Autopsy J H H No 16923 (micra 10, ^5) Bronchnl walls, 
cut end of bronchus shown at X Fibrous tissue mass plugging end of 
bronchus Patient died one month following operation Fibrous mass 
separated from one bronchial wall during cutting of section 


monary embolus 14 days aftei removal of the entire left lung The micro- 
scopic sections of the bronchial stump (Fig 28) showed the open end filled 
with granulation tissue ovei which epithelium had just begun to grow 
Silk sutuies which had cut through could be seen in the lumen and also 
outside of the bronchus The bionchus in this case also had been closed 
with interrupted mattress sutures of silk, and although there was no clinical 
evidence of it, the silk sutuies had already cut through by the end of two 
weeks, as demonstiated by the micioscopic sections Nineteen days after 
the right lung was removed anothei patient died of pulmonary infarction 
of the entire left lower lobe A photomicrograph (Fig 29) showed perfect 
infolding of the entire cut end of the bi onchus In this instance the amputated 
stump was also closed with interrupted mattress sutures of silk, leaving an 
open cuff of bronchus distal to the suture line No attempt was made to 
inveit the cut end of the bronchus The silk sutures had cut through, but 
the open cut end had already healed sufficiently to prevent leakage Thus, 
as in the experimental closuie, each case seemed to heal in a slightly 
different manner as to the degree of participation of the bronchial walls by 
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infolding or inveision In this instance the bronchial walls had been diawn 
together and inveited by the conti acting granulation tissue so that only 
a small infolded aiea lemained to be epithelialized Following a low giade 
fibnnopurulent pericarditis which developed one month aftei total left 
pneumonectomy, the bionchus, although clinically solidly healed, as seen at 
autopsy, pioved, by micioscopic section, to have opened up into a cyhndiical 
tube, the cut end of which was filled with a mass of fibious gianulation 
tissue (Fig 30) Not one of the mattiess sutuies was 111 evidence although 
at least six had been mseited at the time of opeiation The fifth patient m 
this senes, who was opeiated upon m the fall of 1933, when her left lung 
was removed, letuined six months latei, and succumbed as a lesult of ceiebial 
metastases At the time of opeiation the bionchus had been closed with 
interrupted silk sutuies neai the cut end The micioscopic section is not 
shown because the onginal block that included the entiie cyhndiical healed 
end was cut acioss one side onh The lemamder of the block was mis- 
placed but pait of the fibious tissue plug could be obseived Only one small 
wall of the bionchus was included m the section, and although a badly planned 
section, the method of healing w^as obvious, that is to say, the open cut end 
had been sealed with fibious tissue 

Following the now famous case of Evaits Giaham. the fiist pneu- 
monectomy peifoimed 111 the Johns Hopkins Hospital w^as undei taken 
June, 1933, in a child Ihiee and a half yeais of age, foi fibiosaicoma of the 
bionchus The left piimaiy bionchus w'as simply tied off wutli a bi aided 
silk ligatuie The patient lemained w'ell, but uiifoi tunately foui and a 
half years latei w^as drowmed The body w^as lecovered and her fathei 
sent the thoiacic visceia to us for study Figuie 31 is a photomicrogi aph 
of a section of the healed bionchial stump It is obvious that the bionchus 
had been completely occluded by a fibious plug of tissue The lemains of 
the silk ligatuie could be found in the fibious mass of tissue surioundmg 
the healed end 

It seemed, therefore, that the healing piocess of the pnmaiy bronchus 
in man w^as similai in eveiy lespect to that of the dog, that regaidless of 
the type of sutuies 01 ligatures employed to occlude the bionchus, they 
w^ould, in the majoiity of cases, cut thiough the bionchial w^all If the sutuies 
ulcerated tow'-ard the lumen they would be coughed up, but if they migrated 
towards the periphery they would be buried m the fibious pei ibi onchial tissue 
Likewise, in man, as m the dog, healing of the bronchial stump took place, 
in the majority of cases, about the cut end of the bronchus some distance 
peripheral to the occluding suture line The sutuies or ligatures closed 
the bronchus tempoiarily, but could not be depended upon to maintain 
this occlusion for moie than a week or ten days, duimg wFich time healing 
would occur at and about the cut end The tissues that took pait in the 
healing were derived mainly fiom the bionchial walls 

Discussion — Based not only on expei imental evidence, but also on 
observations on the healing of the pnmaiy bionchus in man, as detei mined 
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at autopsy, a method of closing the piimary bronchus has been planned and 
employed m this series with far greater success than any used heretofore 
In 27 consecutive patients in whom the bronchial stump has been so treated, 
theie have been only two (74 pei cent) in whom the bionchus opened 
It IS oui opinion that the leakage in these two cases can be explained as due 
not to the method of closuie, but lather to an improper application of the 
method 

Based on pievious clinical exjieiience, togethei with oui expenmentnl 



I IG 3 J — Autops> JHH, No I49J7 (micia lo \28) Tibrous tissue plug in 
end of bronchus conipletel) organized, snown at X, bronchial walls at \ Death 
4% jears after oper ition, patient drowned 


evidence, the method of closure of the piimaiy bronchus in the human 
being which we feel otfeis the greatest opportunity of secuie closuie, is as 
follows 

The pi unary bionchus should be amputated neai the bifui cation of the 
tiachea leaving only a short stump, so that this ina) be contained well 
wnthin the mediastinum The amputation should be executed wnth the scalpel 
in Older that as little damage as possible is done to the cut end of the 
stump Ciushing 01 any form of cauterization, eithei theiinal 01 chemical, 
should be stiictly avoided because devitalized tissue must be sloughed off 
or replaced by viable fibrous tissue fioin the neighborhood This process 
invites infection, ever piesent m the human bronchus to a greater or less 
degree Also, piiinai)^ agglutination of the vital amputated stump of the 
bronchus to the surrounding or overl3'’ing aerolai tissue thus would be pre- 
vented Another reason wdiy the bronchus should be amputated high and 
should be distuibed as little as possible in its aieolai bed m the mediastinum 
IS in ordei that the stump may be surrounded by vigoious gianulation tissue 
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of the mattress sutures With a very thin cutting needle, mattress sutures 
of fine silk oi cotton should be placed so that one leg of the suture passes 
around a cartilaginous ring (Fig 32) The space between the legs of the 
mattress sutures should not be too narrow for feai of producing a slough 
from stangulation of tissue between them The legs of the mattress may be 



Fig 33 — Shows relation of amputated stump which has been closed by mattress sutures high up 
near the bifurcation of trachea, open cuff of bronchus distal to suture line lying well within 
mediastinum 


roughly 4 or 5 Mm apart, paiticularly m the posterioi membianous portion 
They are placed postero-anterioi ly and then back again anteroposteriorly 
(Fig 33) As a rule, six mattress sutures will suffice to close the bronchus 
completel)?^ This closure should always be checked by filling the thoracic 
cavity with waim salt solution above the level of the closed bronchial stump 
and then increasing the inti atracheal piessuie If the closure is not air-tight, 
bubbles will immediately appeal 

As few sutw es as possible should be used in order to preseive the circula- 
tion and thus the viability of the cut end This cut end, not the area where 
the suture line is inserted, is the site of healing, and, therefore, constitutes 
the keystone to the arch of bronchial suture The sutures are onl)’’ used as 
a stop-gap to prevent air from blowing to-and-fro during respiration while 
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the all-impoi tant cut end is healing The sutuie line in the bronchus should 
be placed as high up on the stump as possible, that is, near the bifui cation 
of the trachea The leason for this is two-fold, if the sutures cut thiough oi 
if the}^ form localized aieas of infection, these areas will be as far removed 
from the healing end of the stump as possible, and, secondly, when the 



Fig 34 — Denuded area containing hilar structures covered over by mediastinal pleura Inter 
rupted silk sutures closing lips of pleura except at either end Four sutures, apait from those closing 
incision in the mediastinal pleura, hold nonserous surface of mediastinal pleura m apposition to cut 
end of bronchus 


sutures are placed near the tiachea theie is less likelihood of inteifeimg with 
the bronchial aiteiy It is hazaidous to place any foim of sutuie in the cut 
end of the bronchus because no mattei what the suture mateiial, it con- 
stitutes an infected foreign body which will pi event piimaiy agglutination 
and healing of the cut end It has been shown expeiimentally and corrob- 
orated by human postoperative autopsy specimens, that the bionchus heals 
in the human being as its does in the dog, therefoie, sutuies, regaidless of 
the method of nisei tion oi type of material, will become infected and will 
cut In the vast majority of instances the bionchus will not heal as it was 
sewed at opeiation, but will open up to a gi eater or less extent and heal by 
second intention The bronchial stump, therefore, should be coveied over 
with mediastinal pleura, as well as neighboimg areolar tissue At first, great 
difficulty was experienced m obtaining enough mediastinal pleuia, paiticu- 
larly on the left side, to cover the stump W ith patience, the pleura covering 
the aortic arch and the first portion of the descending thoiacic aoita can be 
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dissected off and sutured ovei the stump As there is apt to be a space 
lemaining between the end of the bionchial stump and the sutuied mediastinal 
pleura because of the bulging of the aorta into the thoiacic caMty, it would 
seem advisable to approximate the pleura carefully to the cut end by placing 
two sutures, anterioily and posteriorly, superficially m the peribionchial 



Fig 35 — Shows same tyi)e of closure on right side os Figure 34, on left side 


fibious tissues, proximal to the cut end This ensuies piompt apposition 
of the cut end of the stump to the ovei lying mediastinal pleuia, oi areolar 
tissue In the human being the mediastinal shift is not so immediate or so 
extensive as in the dog so that other means to accomplish this end, such 
as sutures must be lesoited to (Figs 34 and 35) If onl}'^ an upper 01 
lower leaf of mediastinal pleuia is available it should be used The stump 
may be sutured down to the tissue immediately anteiioi to the vertebral 
column 01 the wall of the esophagus ma}'' be emplo}ed on the left side as 
well as the outer coveimg of the pericardial sac On the right side the 
mediastinal pleuial membiane is usually more abundant, but in twm cases 
in wdiich a considerable amount had to be saciified in the lemoval of the 
tumor, the azygos vein w^as ligated, divided, and sutured over the bionchial 
stump Likewise, in one case a sufficient length of the pulmonaiy artery 
distal to its ligated 23ortion Avas aA'^ailable for coA^ering the stump of the 
bronchus on the left side Mediastinal pleura is to be pieferred, but w'hen 
unprocurable other tissues may be substituted The apposition of the 
mediastinal pleuia over the cut end of the bronchial stump should be as 
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snug as possible, but openings ought to be left at either end of the suture 
line so that if air should leak from the bronchus an avenue of escape 
will have been provided (Figs 35 and 36) In a few recent cases sulfanilamide 
has been dusted in the aiea about the bronchial stump before closure of 
the chest (Fig 37) 



Tig 38 — A Shows point at which air emboli were found in coronarj \eins, mediastinal emphy 
sema the result of air leaking into mediastinum unable to escape except along tissue planes marked 
b\ white arrows Sterile fibrous thorax alreadj formed on operated side B Closure of mediastinal 
pleura oier right bronchial stump in dog Note close apposition of stump to mediastinal pleura, due 
to sutures and flexibilitj of mediastinum in dog C Space left, in patient above described, between 
mediastinal pleura and stump of bronchus D Proper apposition of bronchial stump in human, accom 
plished by superficial sutures in peribronchial fibrous tissue 
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Two of the three deaths that have occur led rn the last 27 cases of total 
pneumonectomy were due to leakage from the bronchus after closure by the 
method above descrrbed In each, however, a technrcal error was made that 
would seem to explarn the death In one, the bronchus was clamped across 
before amputation with a curved Kelly clamp in order to use this as a handle 
to pull on the hilus After the bronchus was cut across the clamp slipped 
off, and It is believed that the occluding sutures were unintentionally placed 
through this devitalized area The end of the bronchus sloughed, and the 
patient died of a massive empyema Since that time no clamps of any type 
have been used If feasible, bronchial occlusion sutures may be placed before 
amputation of the lung In the second case the mediastinal pleura was sutured 
tightly and completely across the hilar defect on the left side, but was not 
pioperly brought into apposition with the bronchial stump Thus, a space 
was left 111 the mediastinum with no avenue of escape for air if the bronchus 
should leak Leakage occuired on the eighth day after a previously un- 
eventful afebrile convalescence Mediastinal emphysema, followed by ex- 
tensive subcutaneous emphysema, developed After three days, or on the 
eleventh postoperative day, when the patient seemed to be improving, he sud- 
denly died At autopsy an emboli weie observed in the anterior coronary 
veins (Fig 38) The bronchus had opened, but the an could not escape 
Theie was an enoimous mediastinal emphysema The bronchus had been 
closed with silk sutures as usual, and it is believed that if the mediastinal 
pleura had been brought into apposition with the cut end of the stump 
the bronchus would not have leaked Further more, an opening at each 
end of the sutured mediastinal pleura should have been left for the escape 
of air It IS well to note her e that mediastinal or subcutaneous emphysema or 
both may give rise to air emboli 

CONCLTJSIONS 

From this study it seems likely that the mam point of healing of the 
bronchus is at the cut end Every effort must be made to preserve the 
viability of this portion, not only by gentle handling, which avoids any form 
of trauma, such as crushing, cauterization, or suturing, but also by pre- 
serving the circulation in the bronchial artery The greatest attention should 
be given to the placing of the occlusion sutures, particularly the number, so 
that interference with the circulation of the stump will be as little as possible 
If the circulation is cut off, the entire end of the cuff distal to the suture line, 
or at least part of it may slough Primary agglutination of this open end 
is thus prevented, so that when any of the occluding sutures give way a 
bronchial fistula develops at once Aftei amputation, and following the 
placing of the mattress sutures, it is well to allow the bronchial artery to 
bleed while the sutures are being tied in order to avoid occluding this vessel 
in one of the stitches The bronchial stump should be brought into apposi- 
tion with nearby or contiguous viable tissue, preferably mediastinal pleura 
The mediastinum should not be closed tightly about the stump, but an 
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avenue piovided foi the escape of air in the event that the bronchus opens 
The use of occluding nonabsorbable sutures is ad\ocated as a means of clos- 
ing the bronchial tube foi a sufficient length of tune to peimit healing of 
the cut ends 

The sutuie line should be placed as fai proximal to the cut end of the 
stump as possible and the minimal numbei of sutures employed to effect 
an air-tight closuie There apparentl}' is no method or type of suture that 
can be relied upon of itself to secuie permanent occlusion and healing of the 
bionchus as it had been sewed at operation There is no autopsy evidence 
of this in the human being, and healing at the sutuie line occuired m only 
1 8 per cent of the experimental animals, a percentage so low that the possi- 
bility of such type of healing cannot be regaided as likely in the great 
majority of instances The granulation and later fibious tissue which brings 
about closure of the cuff-like open end of the bionchial stump is derived 
mainly from the bionchial walls In some individual instances, in both the 
human being and the experimental animal, the entire bronchial wall would 
be drawn toward the centei of the lumen and sometimes actually inverted 
into the bionchial stump by the conti acting granulation tissue, but in the 
majority of cases the cyhndiical open end of the bronchus was filled with a 
mass or plug of gianulation tissue that successfully occluded the stump The 
bronchial epithelium grew across the closed end as a modified or somewhat 
flattened cell-type 

Finally, it would appear that the most impoitant steps in the procedure 
to effect solid healing of the bionchus are, first, to occlude the amputated 
stump with as few sutuies as will pi event the passage of air long enough 
to permit sufficient healing of the cuff of bronchus distal to the suture line, 
second, to avoid in every way devitalization of the teiminal end of the ampu- 
tated stump, and thud, to effect an intimate apposition between the cut end 
and the suiiounding aieolai tissue, prefeiably mediastinal pleura 
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Discussion — Dr Evarts A Graham (St Louis, Mo ) I agree fully with Dr 
Rienhoff that the question of securing permanent closure of the bronchus is one of the 
major problems confronting us with the technical features of the operation of total 
pneumonectomy I agree also fully with him that the operation of total pneumonectomy 
is probably going to be done more and more The chief indication for it will be broncho- 
genic carcinoma which as you all know is a very common disease It is not a very unusual 
condition, but it is at least of the same order of frequency as cancer of the colon, including 
the rectum, and probably is even of a greater order of frequency 

The difficulties that confront one in the closure of the bronchus as he has said, are 
chiefly again in my experience, on the right side There is not nearly so much difficulty 
on the left side 

These experiments which have been shown have been most illuminating to me I had 
not realized that in the closure of the bronchus, that apparently stayed closed when closed 
by mattress silk sutures, a method which I have used in recent years, these silk sutures did 
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cut through so frequently, as he has indicated My difficulty in using mediastinal pleura, 
as he has represented so beautifully on these drawings, has been of several sorts In the 
first place it is not easy by any means to find mediastinal pleura that can be drawn over 
The pleura is, of course exceedingly thin It is so thin that it is transparent One cannot 
put any tension on it whatever without tearing it I have succeeded several times in getting 
what I thought was an effective closure of the bronchus with mediastinal pleura, with a 
method somewhat similar to what he has described, and have seen the pleural flap tear out 
when the patient had a violent cough or an unusually violent inspiratory act 

Dr Churchill some time ago asked me why I did not use free pleural transplants as 
he had used them with considerable success I confess I had not tried it until he suggested 
It to me because I did not think it would work, but since his suggestion to me I have tried 
it on a number of cases and I have found that I have had a fair degree of satisfaction with it 
I have also tried pedicle-flaps from the pleura of the chest wall with the idea that 
they would preserve the circulation longer I have had a fair degree of success with those 
but still the problem remains 

Now I think that one of the fundamental difficulties about the healing of the bronchus 
IS not only the anatomic features and the question of having it covered with pleura, but the 
question of infection If all of the bronchi in the human being which we had to close were 
as sterile as those of the dog there would be less difficulty with the permanent closure but 
in most cases in which a pneumonectomy is indicated there is infection present and infection 
of a highly virulent type With anaerobic putrefactive organisms the sulfonamide drugs at 
least in my experience are ineffective, and I know of no application of any antiseptic sub- 
stance of any sort which is effective in a practical manner that is to say, in any manner in 
which It can be applied to the prevention of infection in these cases 

Consequently, I fear that unless one can devise some more certain method than I know 
anything about at the present time, we are still going to have to face this very difficult 
problem of subsequently breaking open the bronchial stump with infection of the pleural 
cavity 

That brings me to one thing more, which concerns the remarks that I made when I 
was discussing the previous papers One way to prevent a serious infection from an open 
bronchial stump is to do a thoracoplasty at the time of the total pneumonectomy, which 
will eliminate any pleural cavity to be infected 

The dangers of the simultaneous thoracoplasty coincident with the total pneumonec- 
tomy I have already alluded to, but from the ideal standpoint if we could do safely a 
thoracoplasty at the same time as a total pneumonectomy I do not think the question of 
closure of the bronchial stump would continue to be anything of major importance 

Now, just a word or two more This perhaps is dragging things in a little bit by 
the “coat tail ” but I hear among groups of people who are not familiar with what has 
been going on in chest surgery great pessimism expressed aobut the operation of total 
pneumonectomy, particularly with reference to carcinoma of the bronchus Consequently, 

I always like to seize upon an opportunity to do a little propaganda There is a feeling 
What difference does it make whether you do a pneumonectomy or not on a patient with 
bronchogenic carcinoma^ You are not going to get anywhere anyway He is going to die 
pretty soon of cancer What is the use of operating upon him and subjecting him to all 
this trouble’’ 

I would like to say that in my own experience now I have one patient perfectly well 
and living nine years afterward another patient six years and five months afterward 
another patient five years five patients, three years and a very considerable number less 
than that who are living and apparently free from any evidence of recurrence of carcinoma 
It seems to me that these figures are sufficiently good evidence of the fact that the operation 
IS worth while and that it is essential, therefore, that we go on and develop to as good a 
point as possible technical perfection, so that the mortality will be less 

Dr Blades and I have had 76 total pneumonectomies Of these, 59 were for 
bronchogenic carcinoma, and 17 for other conditions Although the operation must still 
be regarded as a very serious one we are pleased that our operative mortality is steadily 
declining During the period beginning with January i, 1939, we have had 48 cases of 
total pneumonectomy for bronchogenic carcinoma with i 8 hospital deaths (a mortality of 
37 per cent) When the operation is carried out for conditions other than carcinoma the 
mortality is considerably less In 1 7 noncancec cases there were four hospital deaths (a 
mortality of 23 per cent) 
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Dr Norman S SHENSTONE (Toronto, Canada) A year ago m Toronto, at the 
meeting of the American Association for Thoracic Surgery, I described a simple method of 
closing the bronchus after pneumonectomy I should like to show the illustrating slide to 
this association, and also to report the results we have obtained 

(Slide) In the technic that we follow the dissection of all the other structures of the 
hilus IS carried out before dealing with the bronchus We believe that by this sequence the 
operation is made easier and the danger of infection reduced to a minimum The bronchus 
IS divided about one-eighth of an inch distal to a pair of light Kocher-style of forceps 
applied as close as possible to the trachea and the cut margins are approximated antero- 
postciioily by three interrupted sutures of fine silk supplemented by a running suture of 
catgut Following this procedure the stump is powdered with sulphathiazole, displaced 
into the mediastinum, and finally covered by pleura 

We have operated upon 23 consecutive cases by this method, seven for carcinoma, five 
foi adenoma and seven for various forms of tuberculosis, mostly bronchial stenosis In 
only one of these has an open fistula developed and that m a case of very active unilateral 
tubciculosis, in which the bronchus opened two weeks after the primary operation I do 
not believe that the method of closure can be blamed in this particular case, because it was 
a vety doubtful case for surgery 

Dr Alton OCHSNER (New Orleans La ) I would like to emphasize one point 
and (hat is one which has not been mentioned yet, namely, a cause of failure of closure of 
the bionchus which we have encountered Out of the series of 32 total pneumonectomies 
foi pneiimoplastic disease we have had three cases in which there has been a failure of 
closuie Two of these have been in patients who have had extensive preoperative irradiation 
We feel at the present time that this is a definite contraindication to surgery 

The only other patient in whom we have had difficulty, as far as closure is concerned, 
was a patient in whom we could not satisfactorily pleuralize the mediastinum The 
simplicity with which this can be accomplished is exemplified by some experiments that 
Di De Bakey, m our clinic, has done He has shown in animals that the simple closure of 
the bionchus by means of a silver clip, similar to the clip the neurosurgeons use, will 
sTlisfacloiily close the bronchus and satisfactory healing will occur We have never had 
qiiile enough nerve to try this in humans, but I am sure it would be true 

The technic that we have used has been very much the same as Dr Shenstone’s We 
have used a crushing clamp, and applied mattress cotton sutures, sutures proximal to the 
crushing clamp After removing the clamp and tying these sutures, we put in through-and- 
thiough sutures over the end But we have been extremely careful, and have been 
influenced by Dr Rienhoff’s earlier papers in regard to this, to pleuralize the wound If 
we could not accomplish it with a flap, we did it with a free graft, and have had no 
occasion to fear this method of closure, except in those cases in which there has been 
extensive irradiation 

Dr Alfred Blalock (Baltimore, Md ) I think that Dr RienholF, because 
of lack of time, did not state the number of experiments which he performed in which 
no sutures whatever were placed in the bronchus I have been fortunate in seeing some 
of these experiments, and I must say I should not have thought previously that one 
would be able to produce an air-tight closure of the bronchus simply by approximating 
with several sutures the thin pleura which lies near the end of the divided bronchus It is 
obvious that in the case of patients Dr Rienhoff does not recommend an omission of 
sutures in the bronchus Even though the sutures in the bronchus may not hold perman- 
ently, in most instances they allow time for the pleura to heal over the end of the bronchus 
The importance of this paper to me is that it is a fundamental study in wound healing 
in which the particular tissue happens to be the bronchus 

Dr Frank H LAHEY (Boston, Mass ) I particularly wanted to wait until the 
thoracic surgeons had completed their remarks before I arose, solely in the interests of war 
surgery, with the idea that the small note regarding cardiac arrest for 20 minutes with 
complete recovery without cerebral damage, which was recently published m the Journal 
of the American Medical Association, might not have been observed by some of the 
members of this Association I am very sure that if this war goes on we may all possibly 
have to do war surgery, involved in which will be some thoracic surgery The event which 
occurred in our clinic undoubtedly has previously occurred and will occur again and again, 
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that IS, complete cardiac arrest during lobectomy I am not aware, however, that Us suc- 
cessful management has ever been accomplished and reported before 

I believe it is valuable for everyone to have in mind how feasible it is by cooperation 
between the anesthetist and the surgeon, with the patient’s chest open, to maintain circula- 
tion so that at least as occurred in this single case no cerebral damage will result with an 
arrest of the heart for a period of 20 minutes This is not a case in which there was any 
doubt Anesthesia records accurately kept and observations by competent men with the 
patient's chest open substantiate the certainty of these facts 

Here is a case in which perhaps as a result of the vagovagal reflex all cardiac action 
ceased for 20 minutes but with the anesthetist Dr Hand producing artificial breathing 
with the anesthesia bag one could demonstrate, with the chest open that the expansion oi 
the lung filled the heart and substituted for the diastole and with Dr Herbert Adams the 
surgeon contracting the heart manually produced the systole With these manipulations 
circulation was maintained cardiac action was completely restored at the end of 20 minutes 
and the patient recovered with complete mental clearness A negative electro-encephalogram 
was obtained and now the patient is entirely well over a period of months 

I again wish to state that this accident will happen in thoracic surgery that it will 
happen in war surgery and it is extremely important for us all to remember that it is 
possible by cooperation between an anesthetist and a surgeon either with the patient s 
chest open or through the diaphragm to manually maintain circulation while efforts are 
being made to restore cardiac action 

Dr William F RICNHOFF Jr (dosing) I would hke to thank Dr Blalock for 
his discussion, and I will first answer his question, because in my haste as he suggested, 
I neglected to mention the data which he has called attention to The second series consisted 
of 48 dogs and as in the first series there were no operative deaths or instances of leakage 
of the bronchus notwithstanding the fact that no sutures were used to occlude the blind 
end of the bronchus There were in this series two deaths from distemper In the dog 
there is always an abundance of mediastinal pleura which is ready at hand and not the 
slightest difficulty was ever experienced in obtaining a sufficient amount to cover the end 
of the bronchus As Dr Blalock suggested we do not advocate using only the mediastinal 
pleura in human beings, but wish to emphasize that this is a very important step in the 
closure of the bronchus following total pneumonectomy in the human being and it should 
be pointed out that it is our opinion that interrupted mattress sutures of nonabsorbable 
material preferably of silk or cotton, should be used to occlude the airway or primary 
bronchus in the human and considered only a temporary measure until the vital end of the 
blind end of the stump has had sufficient time to become occluded by the healing of its own 
and contiguous tissue in the mediastinum One should abstain from all forms of trauma 
such as cauterization, any type of crushing or even the placing of sutures in the end 
of the cuff 

In answer to Dr Graham it is of course possible that in some cases particularly on 
the left side adequate mediastinal pleura may not be available for satisfactory covering of 
the bronchial stump In our recent cases the last 30 to be exact, of total pneumonectomy 
in the human due to a more deliberate and painstaking mobilization of the pleura we have 
not experienced any difficulty in being able to close over the raw area of the hilus of the 
lung with this membrane Particularly is this true if the hilar structures are uninvaded 
If the structures are invaded it is very questionable whether one should attempt to do a 
total pneumonectomy It is possible to dissect the mediastinal pleura on the left side off 
the anterior surface of the aorta mobilize it from the anterior surface of the aorta as well 
and obtain enough to subtend this space inside the curvature of the aorta, thus bringing this 
posterior leaf of mediastinal pleura sufficiently forward to suture it to the anterior leaf 
It IS necessary also in this event to suture the pleura to the peribronchial fibrous tissue so 
that the end of the cuff and nonserous surface of the pleura are brought into intimate contact 
In regard to Dr Graham s suggestion about thoracoplasties we have not found it necessary 
to perform thoracoplasties at the same time or previous to the total pneumonectomy 
However in three cases when postoperative bronchial fistulae developed resulting in a 
rather large infected dead space occupying part of the former pleural cavity it was necessary 
to perform a posterior thoracoplasty in three stages This procedure was completely 
successful in obliterating the dead space and bringing about closure of the bronchus 
undoubtedly because of the approximation of the lateral chest wall to the mediastinal 
surface Unquestionably in Dr Graham s experience thoracoplasties have relieved some 
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respiratory difficulties m patients which he has discussed in the past, and I am certain that 
his experience m this respect is far greater than mine Undoubtedly this procedure is a 
most valuable one as an adjunct in certain cases of total pneumonectomy 

Ultimately the conclusion will probably be that the majority of human beings who 
have a total pneumonectomy will not need a thoracoplasty, but there are unquestionably 
quite a number that either because of respiratory difficulties, postoperative discomfort or 
postoperative infection will be benefited by such a procedure 

It is very interesting that Dr Shenstone's experience with closure of the bronchus has 
been quite successful, indeed, although the technic that he has employed has varied consid- 
erably from the one that we have discussed I cannot help reiterating that I think the main 
point of healing of the bronchus after amputation regardless of the type of sutures used is 
in. and at the cut end. certainly in the great majority of instances Dr Shenstone’s results 
although his series of cases is very small, would suggest that as in many other surgical 
procedures dealing with other organs in the body that there are several ways of accomplishing 
a thing successfully 
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In recent years pneumonectomy has become an accepted method of 
treatment of malignant and benign tumois of the bronchus, and of various 
types of chronic pulmonary suppuration Clinical experience has repeatedly 
demonstrated that the surgical ablation of one of a pair of as vitally important 
organs as the lungs is compatible with survival and maintenance of a fairly 
high degree of physical activity Studies on the physiologic effect of pneu- 
monectomy, until recently,^’ ^ have been almost exclusively experimental 
The obseivations of Biemer^ on cats, and of Longacre, Carter, et on 

dogs are best known It was shown b}'^ Longacre, Carter, et a/ , in a series of 
experiments covering several years, that age at the time of the lung resection 
influences ( i ) the subsequent behavior of the dogs under conditions of physi- 
cal stress, and (2) the later development of hyperplasia and/or emphysema 
in the remaining lung However important these experiments may be, to 
extend their conclusions to human subjects would fail to recognize funda- 
mental differences encountered in experimental and clinical conditions For 
example, the highly mobile mediastinum of the dog has not its counterpart in 
man, and, in the latter, the remaining lung is quite frequently already the site 
of pathologic changes Aside from information of theoretic interest regard- 
ing the immediate and remote effects of pneumonectomy upon pulmonary 
function, physiologic studies in man may be of piactical value m individual 
cases, chiefly in helping to decide which are the most favorable conditions for 
the maintenance of a high degree of functional efficiency in the remaining 
lung They may be especially contributory to the problems of optimum posi- 
tion of the mediastinum and of supplemental thoracoplasty During the past 
several years, on the Tuberculosis Service at Bellevue Hospital, under a grant 
of the Commonwealth Fund, a method for the study of pulmonary function 
and of cardiocirculatory function, insofar as it is related to the former, has 
been developed,® and the tests devised were used in various chronic pulmonary 
diseases and in surgical chest conditions ® Already, reports have been made 
upon the late effect of pneumonectomy in children,^ and the immediate 
postoperative influence of pneumonectomy upon the state of respiratory gases 
in the arterial blood of adult subjects ^ The present report, based upon a 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 

t Under a grant from the Commonwealth Fund 
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study of 12 subjects, is concerned with various physiologic pioblems arising as 
a result of pneumonectomy perfoimed in adults 

Material joi Study — Physical characteiistics and clinical data conceimng 
the 12 subjects studied have been tabulated in Table I There were one 


Table I 

PHYSICAL CHARACTERISTipS AND CLINICAL DATA ON THE 12 PATIENTS STUDIED 

Time of Studyt 

Body p Media- 




Age 

Ht Wt t' 

Surface* 


a 

p 

Suppl 

stinal 

Follow-Up after 

Pi 

Sex 

Yrs 

Cm 

Kg 

Sq M 

Diagnosis pn 

pn 

Thoraco 

Mobility t 

Pneumonectomy 

w J 

M 

S3 

160 f 

54 

fl 48 

Ca rt M L 

4- 

+ 

+ 

+ 

Survival 2 years 





47 

\l 56 

bronchus 





active 

w w 

M 

64 

175 1 

64 

fl 78 

Ca It U L 

+ 

+ 

0 

0 

Survival 18 mos . 




\ 

67 

\l 81 

bronchus 





abtive 

D M 

M 

62 

178 f 

' 57 

/l 72 

Ca It U L 

+ 

+ 

0 

+ + 

Survival 15 mos 




1 

65 

1l 80 

bronchus 





active 

T G 

M 

43 

169 f 

62 

fl 71 

Ca rt mam 


+ 

0 


Death — metastasis, 





57 

n 64 

bronchus 





7 mos 

E B 

M 

31 

190 1 

98 

(2 18 

Ca It mam 


+ 

0 

+ 

Death — metastasis 





103 

I2 32 

bronchus 





20 mos 

R B 

M 

60 

175 f 

' 55 

fl 65 

Ca It L L 

+ 

+ 

0 

0 

Survival I year 




\ 

. 62 

5 \l 76 

bronchus 





Metastasis chest 












vail 

W H 

M 

47 

168 

72 

5 1 82 

Ca It main 

0 

+ 

0 

0 

Death — metastasis 







bronchus 





21 months 

E R 

M 

32 

174 J 

f 54 

5 fl 66 

Bronchiectasis left 

4* 

+ 

+ 

0 

Survival 9 mos 





t S3 

\l 64 

upper and lower 





Recent thoraco- 







lobe 





plasty 

A M 

F 

23 

148 

[44 

5 fl 35 

Bronchiectasis 

+ 

0 

+ 

0 

Survival 12 mos , 





137 

5 11 25 






active 

F I 

M 

46 

178 J 

5f70 

fl 88 

Endobronchial 

+ 

0 

+ 

0 

Survival 9 mos , 





\65 

\l 82 

Ibc Obstruction 





active 







rt mam bronchus 






M K 

M 

37 

169 

66 

1 76 

Chrome lung 

0 

+ 

0 

0 

Survival 31 mos , 







abscess, rt 





active 

K G 

M 

33 

175 

83 

1 99 

Traumatic frac- 

0 

+ 

0 

0 

Survival 2 yrs 


ture rt mam active 

bronchus with 
complete ob- 
struction 

*The two figures correspond to pre- and postoperative weight and body surface area 
tTime of study — a pn = before pneumonectomy 
p pn == after pneumonectomy 

p Suppl Thoraco = after supplemental thoracoplasty 
tMediastinal mobility after pneumonectomy 


female and ii males, with ages from 23 to 64 yeais Pneumonectomy was 
undertaken in seven instances aftei a diagnosis of carcinoma of the bionchus 
had been established, m three, for chronic suppuiation of the lung, in one, 
after tiaumatic fracture of a mam bronchus and resulting stenosis, and in 
one case, for almost complete obstruction of a mam bronchus secondary to an 
endobronchial tuberculosis 

In six subjects the studies were earned out before pneumonectomy and at 
vanous intervals afterwards, when the patients had resumed normal activity, 
m two of these, studies were again repeated after a supplemental thoraco- 
plasty had been completed In two patients, studies were made before ablation 
of the lung and again after the pneumonectomy had been supplemented by a 
thoracoplasty, without measurements m the interval In the four remaining 
cases measurements were made singly or repeatedly after pneumonectomy 
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Method of Study — In Table II, infoimation concerning the functions 
studied, and the measurements made, along with references regarding technics, 
normal control values, etc , have been summai ized 

Briefly stated, the measuiements were as follows (A) Lung volumes and 
subdivisions, (B) maximum breathing capacity, (C) ventilation, breathing 
reserve, and respiratoiy gas exchange under basal conditions, during moderate 
exercise, and during a five-minute period of lecover}'^ following exercise. 


TABLr II 

SUMMAR\ or MrASURPMENTS OP CARDIOPULMONAR\ FbNCTIOV 
A VENTILATORY FUNCTION 

Measurement Definition Significance References 


Lung Volume in liters 
Vital Capacity (V C ) 

Residual Air (R A ) 

Total Capacity (T C ) 
(T C =V C -t-R A ) 
R A 

Ratio X 100 

T C 

Maximum Breathing Ca- 
pacity ~\it /min (M B 
C) 

Ventilation in liters per 
min per sq m body 
surface (V) 

(1) Basal 

(2) Moderate exercise 

(3) During 5 minutes 
of recovery from 
moderate exercise 

Bieathing Reserve 
(B R = M B C -V) 

B R 

Ratio X 100 

M B C 


Volume of maximallj 
deep breath 

Volume in lung after ex- 
treme expiration 
Total volume in deepest 
inspiration 

Residual air expressed 
as per cent of total ca 
pacitj 

Maximum volume of air 
that can be displaced 
pel minute 

Actual V olume of air per 
minute displaced in a 
given physical state 


Excess breathing capac 
ity beyond actual ven 
tilation in a given state 
Breathing reserve ex- 
pressed as per cent of 
maximum breathing ca 
pacity 


Description of available 
nr space for ventilation 


Expression of degree of 
pulmonary distention 
physiologic or patho 
logic (emphysema) 
Estimation of the effici- 
ency ol the chest bellows 
in displacing air per unit 
of time 


Provides a numerical 
estimation of dyspnea in 
pulmonary insufficiency 


Technics — formula for 
prediction of normal 
valuesaccording to body 
size age sex® 


Technics® — formula 

for prediction M B C 
lit /min = 80 9 X B S 
in sq m = 29 3 
Technic® Normal con 
trol values — according 
to age sex (unpublished 
data) 


Relation with dyspnea ® 
Normal control values 
according to age sex 
(unpublished data) 


Measurement 
Pulmonaiy emptying 
Rale 


Respiraloi y Gas Ex- 
change 

(1) Basal 

(2) Moderate exercise 

(3) During S minutes 
of recovery 


Slaleof Respiratory Gases 
t n Arterial Blood 

(1) Basal 

(2) During early recox - 
ery from moderate 


B ALVEOLORES 
Definition 

Nitrogen concentration 
of alveolar air after 7 
minutes pure oxygen 
breathing 

Carbon dioxide output 
and oxygen intake in a 
given physical state ex- 
pressed 

(a) in cc /sq m /min 

(b) in cc /liter vent 


(a) Oxyhemoglobin 
saturation — % 

(b) Carbon dioxide 
pressure — mm Hg 


\TORY FUNCTION 

Significance 

A numerical estimate of 
adequacy of inspired air 
distribution in alveoli 


(a) Measures amount of 
gas exchange used in 
agiven physical sta'te 

(b) Gives efficiency of 
ventilation in pro- 
viding O 2 absorption 
(utilization) 

Measures effectiveness 
of lungs in aerating 
blood and state of res- 
piratory gases reaching 
tissues 


References 

Technic and range ol 
variation ' * 


Technic ® Normal range 
according to age and sex 
(unpublished data) 


Technic — Normal 
range® 


exercise 
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Measurement 

Definition 

Significance 

References 

Includes 




(a) Routine 




Arterial blood 
pressure 

Electrocardiogram 

Ballistocardiogram 




(b) C ardiovascnlar re- 

(a) Variation of venous 

Brings out latent con- 

Technic*' 

sponse to rapid in- 

pressure 

gestive state due to back 


travenous saline in- 

(b) Circulation time 

pressure from failure of 


fusion 

(c) Vital capacity fol- 

left heart of pulmonarj 



lowing infusion of 

vascular bed or of right 



1500 cc isotonic 
solution in 30 min 

heart 



(D) state of lespiiatoiy gases m the arterial blood at rest and immediately 
aftei completion of the moderate exeicise, and (E) variations in venous pies- 
suie, ciiculation time, and vital capacity following an increase in blood volume 
pioduced b)^ a rapid intiavenous infusion of 1500 cc of a saline solution 
Data available fiom the literatuie® and a separate study of 60 normal subjects, 
age 20 to 69, supplied the desired control values 

Results — Four separate headings may bettei describe the data obtained in 
this study 

(1) State of pulmonaiy and cardiocii culatory function after pneumonec- 
tom)7 111 compaiison with noimal subjects 

(2) State of ventilatoiy function before and aftei pneumonectomy in same 
subjects 

(3) Influence of thoi acoplasty supplementing a pneumonectomy upon the 
state of ventilatoiy function 

(4) Influence of mediastinal adjustment and pieexisting pulmonaiy em- 
physema upon pulmonary function 

(i) State of Pulmonary and Cardiocii culatory Function after Pneumon- 
ectomy Compaiison with Noimal Subjects — Data on ten patients are avail- 
able, two subjects studied only after supplemental thoracoplasty was com- 
pleted have been excluded The ten patients have been sepaiated into two 
gionps accoiding to age Group I consists of six patients, ages ranging from 
32 to 47 Gioup II consists of foui patients, ages langing from 53 to 66 

The predicted normal figuies and the contiol noimal figures weie calcu- 
lated accoiding to data available in subjects in the same age-groups Mean 
values, obseived, piedicted, 01 calculated for controls, are tabulated m Tables 
III to IX 

A — ventilatory'function 

I Lung volumes and subdivisions (Table III, Chart i) 

In both groups I and II, the mean size of the remaining lung in deepest 
inspiration is somewhat laiger than the predicted size of one of a pair of 
noimal lungs This inciease is due to the peisistence of a large residual air 
volume , the remaining lung after pneumonectomy is slightly smaller at the end 
of a complete expnation than two noimal lungs in Group I, and as large as 
two noimal lungs 111 Gioup II There is then evidence of lung distention after 
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pneumonectomy, especially m the older age-group, although the mean residual 
air of 37 per cent of the total capacity does indicate that if pulmonary em- 
physema IS present, it is of mild degree, oi present only in a small proportion 
of the group Studies of individual data prove the latter to be the case 

GROUP I GROUP 3E 



NORMAL ONE LUNG PATIENT NORMAL ONE LUNG PATIENT 

NORMAL NORMAL 

Chart i — Lung volumes and subdivisions in liters, and maximum g 
breathing capacity in liters per minute In each of the two groups, the | 
blocks to the left = average predicted Aalues for normal subjects of same | 
size, sex, and age distribution, the blocks in the center = the a\erage ,1 
assumed value for one lung of the normal subjects, the blocks to the right jjj 
= average observed values in patients studied after pneumonectomy Under |j 
lung volumes, solid blocks = residual air volume, white blocks = vital [I 
capacity (complemental air + reser\e air) til 

2 Maximum breathing capacity in liters per minute (Table III, Chart i) 
The maximal efficiency of the chest bellows in displacing air after pneu- 
monectomy IS reduced in both groups In Group I the maximum breathing 
capacity is 63 per cent of the predicted value for two normal lungs, and in 
Group II 50 per cent In the younger age-group, coincident with less disten- 
tion, the remaining lung is more effective in circulating air than the remain- 
ing lung in the older age-group, and in addition is more effective than one 
of a pair of normal lungs, (maximum breathing capacity 26 per cent greater 
than predicted value for one lung) 
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Table III 

LUNG VOLUMES’*" AND MAXIMUM BREATHIjNG CAPACITY AFTER PNEUMONECTOMT 



Total 

Vital 

Residual 

R A 

Maximum Breathing 


Capacity 

Capacity 

Air 

X 100 

Capacity — Standing 


(liters) 

(liters) 

(liters) 

T C 

(liters/minute) 

Group 

Mean 

Mean 

Mean 

Mean 

Mean 

Group It 






Predicted 






Both lungs 

5 6S 

4 44 

1 28 

22 5 

121 4 

One lung 

2 84 

2 22 

0 64 


60 8 

Observed 

3 35 

2 32 

1 03 

30 8 

76 6 

Group lit 






Predicted 






Both lungs 

5 45 

4 12 

1 33 

24 4 

106 0 

One lung 

2 86 

2 16 

0 70 


55 8 

Observed 

3 25 

2 03 

1 33 

37 5 

57 8 


■^Saturated dry gas at 37° C and prevailing barometric pressure 

fGroup I consists of 6 patients, age 32 to 47 and Group II of 4 patients age S3 to 6S 

Average predicted and observed values m two groups of adults after pneun-onectomy 


3 Ventilation at rest, during model ate exercise, during each of five min- 
utes of recovery (Table IV, Chait 2) 

Theie aie significant differences between the two gioups In the younger 
age-group the average figures of ventilation under varying states of activity 
are almost identical with the aveiage control 1101 mal figuies , in the oldei age- 
group, ventilation is somewhat larger than normal at lest, much moie so 
during exeicise and duiing recoveiy 

Table IV 

VENTILATION AT REST*, DURING MODERATE EXERCISE AND DURING EACH OF FIVE MINUTES OF 
RECOVERY FROM MODERATE EXERCISE AFTER PNEUMONECTOMY 

Ventilation liters/min /sq m B S * 



Basal 

Exercise 

Rec 1 

Rec 2 

Rec 3 

Rec 4 

Rec 5 

Group 

Mean 

Mean 

Meah 

Mean 

Mean 

Meah 

Mean 

Group It 

Normal controls 

3 42 

9 72 

12 80 

8 30 

7 50 

6 13 

5 40 

Patients after pneumonectomy 

3 28 

9 88 

12 84 

8 32 

7 52 

5 60 

S 26 

Group lit 

Normal controls 

3 92 

11 13 

14 83 

10 83 

8 37 

7 08 

6 20 

Patients after pneumonectomy 

4 17 

15 11 

15 35 

13 02 

10 25 

8 65 

7 62 


*Saturated gas at 37° C and prevailing barometric pressure 
tSee Table III 

Average observed values in two groups of adults after pneumonectomy, and average values in two corres- 
ponding groups of normal subjects 


Table V 

BREATHING RESERVE 

RATIO X 100 AT REST DURING MODERATE EXERfISF, 

MAXIMUM BREATHING CAPACITY 

AND DURING EACH OF FIVE MINUTES OF RECOVERY AFTER PNEUMONECTOMY 

Breathing Reserve 

Ratio X 100 

Maximum Breathing Capacity 



Basal 

Exercise 

Rec 1 

Rec 2 

Rec 3 

Rec 4 

Rec 5 

Group 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Group I* 

Normal controls 

94 0 

83 7 

76 0 

83 4 

86 9 

88 9 

90 2 

Patients after pneumonectomy 

89 3 

76 0 

59 4 

75 4 

80 2 

83 5 

84 1 

Group 11* 

Normal controls 

91 2 

79 6 

67 4 

76 4 

81 4 

84 4 

86 2 

Patients after pneumonectomy 

86 5 

51 7 

49 3 

57 4 

66 8 

71 2 

74 9 

*See Table III 


Average observed values in two groups of adults after pneumonectomy and average \alues in two corres- 
ponding groups of normal subjects 
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4 Ratio X 100, at lest, during exeicise, during each of five minutes 

of recovery (Table V, Chart 2) 

This ratio being dependent upon the values of maximum breathing capacity 
and of ventilation, it is not sui prising to find it lower m the older age-group 


GROUP 1 GROUP 3E 



iiiuler standard basal conditions (B) during moderate exercise (E), and 
each of the five minutes of reco\er> following moderate exercise (Ri = 1st 
minute of recovery, R2 = second minute, etc ) Solid lines = a\erage values 
for normal subjects, age 30 to 50 (Group I), and 51 to 69 (Group II) 

Broken lines = average values in 10 patients after pneumonectomj in same 
age groups 

than in the younger, especially during exercise and during the lecovery period 
from exercise As dyspnea usually occurs when the value of this ratio is 
below 60 to 70 pel cent, it should be more maiked and more peisistent for 
the same degree of activity in Group II than in Group I This is suppoited 
b}^ observations concerning dyspnea made in both groups during the recovery 
period — 111 Group I the ai'^erage duration of dyspnea following completion of 
the standard exeicise vas 33 seconds, m Gioup II it was 142 seconds 
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Suramanzing the main findings conceining the anatomic status of the 
remaining lung, and its ventilatoiy function, in ten patients aftei pneumonec- 
tomy (a) The lung was somewhat distended, more so m the older gioup, 
(b) maximal efficiency of the chest bellows in displacing air with only one 
lung was bettei than piedicted m the youngei subjects, but just exactly as 
predicted in the oldei age-group , and (c) lelative hypei ventilation was piesent 
during exercise and peisisted dm mg the lecoveiy peiiod in the oldei subjects, 
and It furthei encroached upon the bieathmg reseive and lesulted m a gieatei 
tendency to dyspnea 


B— -ALVEOLORESPIRATORY FUNCTION 

1 Pulmonary empt}ing late Following pneumonectomy, the average 
figures of nitiogen concentiation m alveolar samples taken after seven minutes 
of pure oxygen breathing m Groups I and II, as well as individual figures, 
were well within noimal lange Tidal an, m spite of a definite increase m 
lesidual air volume, was thus efficiently distiibuted dm mg quiet breathing to 
the functioning alveoli of the remaining lung 

2 Respiratory gas exchange — carbon dioxide output and oxygen intake 
(Table VI and VII) 

Tablc VI 

RESPIRATORY GAS EXCHANGE CARBON DIOXIDE OUTPUT AT REST’*' DURING MODERATE EXERCISE 
AND DURING EIAE MINUTES 01 RECOVERY FROM MODFRATI EXERCISE AFTER PNEUMONECTOMA 

COa Output cc /min /sq m B S f CO 2 Output, cc /liter vent 


Group 

Basal 

Exercise 

Recovery 

Basal 

Exercise 

RecoA et > 

Group 1 1 

Normal controls 

104 

329 

1516 

15 4 

16 8 

42 5 

Patients after pneumonectomy 

107 

336 

1449 

36 7 

37 6 

40 4 

Group lit 

Normal controls 

104 

329 

1521 

30 5 

34 0 

37 5 

Patients after pneumonectomy 

101 

374 

1601 

27 9 

28 5 

33 2 


*Under basal conditions 

tDry gas at 0° C and 760 mm Hg barometric pressure 
JSee Table HI 

Average observed values in two groups of adults after pneumonectomy, and average values in two corree 
ponding groups of normal subjects 


Tabee VII 

RISPIRArORA CAS EXCHANGE OXYGEN INTAKE AT REST* DURING MODERATE EXERCISE AND 
DURING irVL MINUTES O! R I CO VERA FROM MODERATF FXERCISE AFTER PNEUMONECTOMY 

O 2 Intake cc /min /sq m B S t O 2 Intake cc /liter vent 



Basal 

Exercise 

Recovery 

Basal 

Exercise 

Recovery 

Group 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Group 1 1 

Normal controls 

114 

489 

1523 

45 8 

57 3 

43 4 

Patients -after pneumonectomy 

143 

520 

1524 

49 1 

57 5 

42 9 

Group II t 

Normal controls 

130 

491 

1509 

38 1 

52 5 

36 9 

Patients after pneumonectomy 

126 

475 

1438 

34 9 

36 7 

31 0 


♦Under basal conditions 

tDry gas at 0° C and 760 mm Hg barometric pressure 
tSee Table III 

Average observed values m two groups of adults after pneumonectomy and average values in two corres- 
ponding groups of normal subjects 

Theie are significant differences between the two gioups The average 
figuies 111 Gioup I aie but little difteient fiom the noimal control values — 
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the direction in changes being, if anything, toward greater rather than lesser 
efficiency during periods of physical activity In Group II, however, the 
carbon dioxide output, per minute, was largei than in the control group 
during exercise and recovery, and the oxygen intake per minute less during 
corresponding periods , hence there is evidence that efficiency in gas exchange 
IS impaired Particulai ly significant are the low rate of oxygen removal per 
liter of ventilation at rest and during recovery from exercise, and its total 
lack of increase during exercise Two causes may be invoked to explain these 
changes (a) Inefficient alveolar ventilation due to hyperventilation, and (b) 
inadequate increase m circulation dm mg exertion and the following recovery 
period 

3 State of respiratory gases m arterial blood (Table VIII) In both 
groups the proportion of hemoglobin in the oxyhemoglobin state, and the 
tension of carbon dioxide in the blood leaving the lung, were well within 
normal range both at rest and after moderate exercise This indicates that 
during moderate exertion the correlation between alveolar ventilation and 
pulmonary circulation and/or the diffusion across alveolocapillary membranes 
remained normal 

Table VIII _ 

ARTERIAL BLOOD STATE OF RESPIRATORt'iGASES At'rEST AND DURING EARLY RECOVERY 
FROM MODERATE E\ERCISn AFTER PNEUMONECTOMY 

0\yhemogIobm Saturation % COsTension in Mm Hg 

Rest Recovery Rest Recovery 

Group Mean Range Mean Range Mean Range Mean Range 

Normal 96 2 ±1 2 95 8 ±1 3 43 7 ±3 5 43 0 ±2 4 

Group I* 

Patients after pneumonectomy 95 5 94 8 39 8 37 4 

Group II* 

Patients after pneumonectomy 95 9 94 6 39 8 40 9 

*See Table III 

Average oxyhemoglobin saturation % and CO 2 pressure in Mm Hg in two groups of adults after pneu 
monectomy and normal range 

Summarizing the data on gas exchange after pneumonectomy, the only 
abnormality noted among the ten patients after they had resumed some 
activity was, in the older patients, loivered efficiency in supplying oxygen to 
the tissues, especially during exertion and the early recovery period The 
repayment of the oxygen debt, contracted during exercise, takes longer than 
in the younger patients in spite of the tendency to hyperventilation noted 
during the short period of observation Whether this is due to poorer alveolar 
ventilation occurring under stress in a lung somewhat distended, or inadequate 
increase in cardiac output cannot be decided on the basis of data obtained, 
the aeration of the blood leaving the lung remained, however, well within 
normal range 

C — CARDIOCIRCULATORY FUNCTION 

Routine measurements of cardiocirculatory function including arterial 
blood pressure, electrocardiogram, and ballistocardiogram, failed to reveal any 
abnormality that might be connected directly to the surgical removal of the 
lung One of the older subjects with auricular fibrillation, present prior to 
the pneumonectomy, rallied remaikably after operation, and there was no 
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evidence that "nimimal myocardial damage,” as revealed by the electiocaidio- 
gram m a few patients, was inci eased to any significant degree Insofar as the 
infusion test was concerned (Table IX), it failed to bung out any latent con- 
gestive state due to back piessure from failuie of the left heart, pulmonary 
vascular bed or right heart In addition, the initial venous pressure level and 
the circulation time were well within normal figuies , the slightly lower figures 
for venous pressure in Group II are of no significance, being probably due to 
inaccurate prediction of the exact position of the right auricle in subjects 
with chest inflation greater than normal 


Table IX 

STATE OF CIRCULATION VENOUS PRESSURE CIRCULATION TIME AND VITAL CAPACITT BEFORE AND 
AT END OF INFUSION TEST (ISOO CC SAHNE IN 30 MINUTES) \FTER PNLUMONECTOMI 



Venous Pressure 

Circulation Time 

Vital Capacity 


Mm H 2 O 

sec 


% Decrease 


Before 

At End of 

Before 

At End of 

At End of 


Infusion 

Infusion 

Infusion 

Infusion 

Infusion 

Group 

li Mean 

Mean 

Mean 

Mean 

Mean 

Normal range 

Below 90 

1 Increase less 

Below 18 

Below 20 

Less than 



tjhan 60 Mm H 2 O 

sec 

sec 

8% 



or final level less 






than 12 s Mm 




Group I 






Patients after pneumonectomy 

64 

78 

IS 7 

17 1 

5 0 

Group II 






Patients after pneumonectomy 

32 

46 

14 3 

IS 9 

4 6 


Average observed values in two groups of subjects after pneumonectomy and normal range 

In the results so far presented, the most significant findings m patients 
after pneumonectomy, besides an obvious decrease in size of the lungs, weie 
(a) A greater tendency to dyspnea in a group of subjects age 53 to 65, due 
to a greater decrease in the chest bellows’ capacity for circulating air and a 
greater demand upon ventilating requiiements during and following moderate 
exercise , and (b) a lesser efficiency m the same group to supply oxygen to the 
tissues during and following exercise Theie was some evidence that lung 
distention is more a liability than an asset, both from the point of view of 
mechanics of the chest bellows and of gas interchange betw^een alveoli and 
circulating blood 

(2) State of Ventilatory Function Before and After Pneumonectomy in 
the Same Subjects — To decide whether some of the findings described in the 
previous section may be, to some degree, unrelated to the surgical ablation of 
the lung Itself and the intrathoracic adjustments which foIlow’'ed, it is important 
to compare data obtained before and after pneumonectomy Such observations 
were made in six patients, two of them wnth pathology throughout an entire 
lung before pneumonectomy (E B and E R ), and the remaining four wuth 
pathology limited to one lobe or less (W J , V W , D M , and T G ) 
Changes in vital capacity and residual air m the first two patients w^ere insig- 
nificant (within 180 cc ) The maximum bieathmg capacity in E B increased 
by 14 liters per minute after pneumonectomy For the other four subjects 
absolute decrease m vital capacity and 111 residual air volumes w^as large, as 
one expected, averaging i 2 liters for vital capacity and o 7 liters for the 
residual air But, significantly enough, the percentage of the residual air in 
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the total capacity remained practically unchanged — 38 per cent before and 
40 per cent after As three out of four of these patients belonged to Group II 
of the preceding section it seems, theiefore, that the somewhat larger degree 
of lung distention noted in older subjects after pneumonectomy antedates the 
surgical procedure Another interesting observation is that as the average 
vital capacity m these four patients deci eased by 34 per cent after pneumo- 
nectomy, the average maximum breathing capacity decreased by only 21 per 
cent 

(3) Influence of Thoi acoplasty Supplementing a Pneumonectomy upon 
the State of Ventilatoiy Function — In four patients pneumonectomy was 
supplemented by a thoracoplasty In two (W G and E R ), measurements 
were made before and after pneumonectom}’^ and again after thoi acoplasty , 
in the othei two (F I and A Af ), the lung removed being functionless, 
measurements made before pneumonectomy nere repeated only after thorac- 
oplasty and resumption of activity 

Data summanzing many obseivations on W J (Tables X, XI and Plate 
I), covei prepneumouectoniy, postpneumonectomy, and postthoracoplasty 
periods Following pneumonectoni)^ the maximum breathing capacity was 
reduced to about 50 pei cent of the pieoperative value, a rathei considerable 
decrease, and, m addition, alveolai ventilation was appaiently less efficient in 

Table \ 

INELUCNCr or THORACOPLAST\ UI ON I UNG \ OLUMI 3 AND MAXIMUM BHFATHINC CAPACIIA 
IN FOUR PATIENTS AFTER COMPl LTION OF PSI UMONLCTOMA 

Maximum 

Breathing 




TotaJ 

Vital 

Residual 

R A 

Capacity — 



Capacity 

Capacity 

Air 

X loo 

Standing 

Patients 

State 

(liters) 

(.liters) 

(liters) 

T C 

(Iiters/minute) 

W J male 

Before pneumonectomy 

6 22 

4 07 

2 13 

34 5 

90 9 

age Sj 

After pneumonectomy 

3 63 

2 14 

1 49 

41 1 

45 8 


After thoracoplasty 







I month 

2 86 

1 92 

0 94 

33 0 

65 6 


6 months 

3 23 

2 00 

1 23 

38 2 

58 2 

F I male 

Before pneumonectomy 

4 13 

2 98 

1 15 

27 9 

59 8 

age 46 

After thoracoplasty 

2 88 

1 92 

0 96 

33 4 

77 7 

A M female 

Before pneumonectomy 

2 56 

1 74 

0 85 

32 8 

34 8 

age 23 

After thoracoplasty 

1 96 

1 24 

0 72 

36 7 

37 0 

E R male 

Before pneumonectomy 

3 51 

2 66 

0 85 

24 2 

72 9 

age 32 

After pneumonectomy 

3 38 

2 36 

1 02 

30 2 

67 4 


After thoracoplasty 

3 13 

2 25 

0 88 

28 0 

64 0 


Table XI 

INI I UENCF OF THORACOPLASTA UPON BREATHING RESERVE AND RATE OF O2 INTAKE AT REST 
DURING MODERATE EXERCISE AND DURING RECOAERA FROM MODERATE EXERCISE 
IN ONE PATIENT AFTER PNEUMONECTOMY 

Breathing Reserve Rate of O 2 Intake 

Ratio X 100 cc /lit vent 

Maximum Breathing Capacity Average of 


Patient State 

Rest 

Exercise 

1 niin 

2 min 

Recox ery 
3 min 

4 min 

5 min 

Rest 

Exercise 

5 min 
Recovery 

W J Before 

pneumonectomj 

91 0 

79 6 

59 I 

69 8 

75 6 

83 0 

85 0 

39 2 

49 

1 

30 7 

After 

pneumonectomy 

86 4 

53 7 

53 9 

61 6 

71 0 

75 6 

79 5 

36 4 

37 

1 

32 8 

After 

thoracoplastj 

6 months 

89 8 

69 6 

59 3 

69 2 

71 8 

79 9 

81 2 

41 4 

43 

1 

36 2 


542 



NmntoV® SEQUELAE OF PNEUMONECTOMY 

supplying oxygen for tissue needs It was thought that a plausible explana- 
tion for the unfavorable functional lesult was inodeiate lelative ovei distention 
of the remaining lung as successive measurements had show n a steady increase 
of the peicentage of residual air m the total capacit) To control this disten- 
tion thoiacoplasty wi-as decided upon One month after its completion the 
peicentage of lesidual an in the total capacity had returned to the prepneu- 
monectoniy level and the maximum breathing capacity w^as iieaily 20 liters 
largei than befoie thoiacoplasty In subsequent months some of these gains 
w'eie paitly 1 educed as scoliosis tended to develop, but as some beneficial 
effects still lemained, dyspnea was less maiked aftei exeicise than it w’as 
dm mg the pi ethoracoplasty studies and the efficiency in pioviding o\3^gen 
absoiption was consideiably impioved 

In patients F 1 and A M the influence of thorcoplasty is more difficult 
to evaluate because no data aie available of the state of the pulmonaiy func- 
tion aftei pneumonectomy It is, how^ever, suggestive that thoracoplasty little 
impaired the ventilating function as 111 both cases, especially F I , the maxi- 
mum bieathmg capacity aftei thoiacoplasty w'as laigei than befoie pneumon- 
ectomy 

In patient E R , lung volume measuiements and maximum breathing 
capacity were piactically unchanged aftei pneumonectomy and aftei thoraco- 
plasty 

It appeals, theiefoie, that thoiacoplasty aftei pneumonectomy does not 
impair fuithei the mechanics of the chest bellows, and if scoliosis is success- 
fully controlled, it may well improve pulmonaiy function by preventing lung 
ovei distention 

(4) Influence upon Pulmonaiy Function of Mediastinal Adjustments and 
Pieexisting Pulmonaiy Emphysema — Among the 12 patients studied there 
w'as only one wdio exhibited any significant clinical evidence of pulmonary 
emphysema before pneumonectomy This man also piesented a very difficult 
pioblem of mediastinal adjustment, and management of the remaining lung 
D M , age 62, w^as fiist studied, November 16, 1940 (Plate II, No i), after 
a carcinoma of the left uppei lobe bionchus had been diagnosed and verified 
by biopsy Lung volume measuiements confiimed the clinical impression of 
pulmonaiy emphysema and the high ratio of residual an ( ^ x 100) indi- 
cated a marked degiee of emphysema Other measuiements revealed that 
theie was a considerable limitation in maximum breathing capacity, that 
oxygen absoiption w^as not efficiently managed at rest or during increased 
physical activity, and that the arterial oxyhemoglobin saturation w'as some- 
wdiat below*- noimal 

After pneumonectomy was performed the patient had to be kept in an 
oxygen tent for a peiiod of three Aveeks, and suffered from obvious symptoms 
of anoxia as soon as he bieathed atmospheiic air On Decembei 14, 1940, 
(Plate II, No 2) the residual air of the lemaining light lung w'as almost 
exactly equal to that of both lungs pi 101 to pneumonectomy It constituted 
71 pei cent of the total capacity, indicating an extieme degree of emphysema 
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Influence of thoracoplasty performed after pneumonectomy upon lung volumes and maximum breathing capacity 
1 Before pneumonectomy II After pneumonectomy HI One month after thoracoplasty IV Six months aftei thoracoplasty 
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Defective alveolai ventilation at that time resulted in low oxygen saturation 
in the arterial blood Obviously the distention of the remaining emphysemat- 
ous lung, clinically characterized by a deviation of the trachea to the left and 
a very low right diaphragm, was not of a compensatory nature Physiologi- 
cally, It was undesirable, and, anatomically, it was probably related to low 
total pressure of gases in solution m the fluid filling the deserted left hemi- 
thoiax and subsequent distention of the contialateral lung 

With the mediastinum back m midline following air replacement (Plate 
II, No 3) the residual air decreased to 528 per cent, and the arterial oxy- 
hemoglobin saturation returned to preoperative value 

In order to maintain the mediastinum m the midline, oil was introduced 
and substituted for air and fluid Frequent check-ups have prevented recur- 
ring overdistention of the right lung One year later (Plate II, No 4) with 
slight evidence of shift of the mediastinum iowatds the light side, and prob- 
ably because of better muscular tone the maximum breathing capacity with 
one lung was almost identical to values obtained with two lungs, the percent- 
age of residual air was lower than before pneumonectom)'’, and the arterial 
oxyhemoglobin saturation was normal Concomitantly, the performance of the 
moderate exercise did not cause any more dyspnea than when the patient had 
two lungs 

The findings m this case suggest that the presence of emphysema is not 
an obstacle to satisfactory functional results if proper care is taken after 
pneumonectomy to avoid distention of the remaining lung 

Discussion — In discussing the effect of pneumonectomy upon pulmonary 
and cardiocirculatory function m animals, and m man, early and late physio- 
logic adjustments should be considered separately 

There is little data conceinmg the hemodynamic adjustments associated 
with the rapid rei outing of the entire stroke-volume of the right heart through 
the vascular bed of a single lung, in particular, no information regarding 
blood pressure changes in the lesser circulation, velocity of blood flow in the 
pulmonary circuit, etc Yet the failure of proper adjustment in man is prob- 
ably the most important cause of early postoperative death It is announced 
by a syndrome resembling acute pulmonary edema oftentimes described as 
‘ drowned lung ” The exact mechanism of this syndrome is unknown, its 
true nature even doubtful, some ascribing it to acute cardiac failure, others 
to acute pulmonary failure The tests of cardiocirculatory function, described 
in this report, are of no avail in predicting, before operation, the chances that 
such a complication may develop In one patient who died from “drowned 
lung,” within 24 hours after pneumonectomy, the response to the infusion 
test performed prior to pneumonectom}^ had been absolutely normal 

In very rare instances a classical picture of cardiac failure developed after 
pneumonectomy in individuals entirely free of myocardial damage, arteri- 
osclerotic heart disease, valvular disease, or without clinical manifestations of 
acute anoxia The precipitating causes are altogether obscure and the develop- 
ment of cardiac failure is unpredictable 
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The leturn of hemoiespiiator)^ gas exchange to a noimal state following 
pneumonectomy w^as studied expei imentally by Heuei and Andius On the 
basis of technics available at the time their studies weie made, these authois 
concluded that piopei adjustments m lespiratoiy gas exchange, undei lesting 
conditions, m dogs may be delayed one month oi moie In man, a study of 
the carbon dioxide content and the oxyhemoglobin satuiation made in oui 
clinic- revealed that m the absence of complications the state of respiraton 
gases m the arterial blood \vas noimal within a few days aftei pneumon- 
ectomy In addition, this study showed that followung lobectomy some degiee 
of anoxia persisted foi longei pei lods of time, possibly as a i esult of inadequate 
con elation between alveolai ventilation and pulmonaiy ciiculation m the 
remaining lobe on the opeiated side, as it reexpanded sloivly A peisistent 
arteiial oxyhemoglobin unsaturation after pneumonectomy may be due to 
thiee causes (i) The presence of a large bionchopleuial fistula, (2) a state 
of distention 01 compression of the lemaimng lung bi ought about b} medi- 
astinal shift, and (3) development of pneumonia in the lemaimng lung The 
additional risk of anoxia during a peiiod, so fi aught with othei hazards, 
lequiies that the vaiiation of oxjdiemoglobin saturation in the aiteiial blood 
should be carefully folloived 

The late effects of pneumonectomy upon pulmonary and cardiociiculatoiy 
functions have been studied m gieat detail in dogs, opeiated upon as puppies 
01 adult animals ^ Recently these studies have to some extent been dupli- 
cated m children^, and extended to adult man in the present report In 
puppies and young children the suipiismg finding w’'as that the capacity to 
perform exhausting exeicise after pneumonectomy was compaiable to that of 
the normal controls In puppies, aftei pneumonectomy, theie was enlaigemeiit 
of the remaining lung and histologic evidence of pulmonary hypeiplasia In 
young children hyperplasia was not demonstrated and the best performances 
were observed m those cases where the size of the lemaining lung m foiced 
expiration was not largei than piedicted foi one of a pan of normal lungs 
The physiologic paiadox of as good a peiformance wuth one lung as ivith two, 
under conditions of extieme physical demands, may be explained partly by 
the following considerations 

(1) Theoretically, it may be shoivn that the highei the ratio of tidal an 
to functional residual an, the moie efficient is the mixing of gases in the 
alveoli Such a situation arises after pneumonectomy the dead space in the 
bronchial tree is reduced — the tidal air in one lung is larger, both combining 
to increase the efficient tidal air, and finally the functional residual air is 
smaller pioviding the remaining lung is not distended (2) The tidal an is 
probably bettei distributed to ordinal ily poorly ventilated lung areas, particu- 
larly around the hilum and at the apex, as the lung expands toward the 
opposite hemithoiax m inspiration (3) Moie blood circulates through the 
lemaming lung as the functional diffusing surface for respiratory gas exchange 
IS either inci eased in area by increase m the numbei of functioning capillaries 
01 iiici eased in efficienc) by passage of moie blood per unit of \entilated 
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alveoli These consideiations applying also to adults may weil explain why 
lespiiatoiy gas exchange undei conditions of model ate strain was efficiently 
managed in the youngei gioup lepoited in the piesent papei 

In contiast to lespnatoiy gas exchange ventilatoiy function is impaired 
in children and in adults aftei pneumonectomy The bieathmg leserve undei 
vaiying conditions of activity is lower than in noimal subjects, and the ten- 
dency to dyspnea is gieatei The i eduction of ventilatoiy efficiency, howevei, 
IS not pioportional to the loss in lung volumes and to a considerable extent 
depends upon the degiee of pulmonary distention 

The question of late development of pulmonary emphysema following 
pneumonectomy, pei formed duiing adult life, has not yet been settled because 
ot lack of long follow-up So fai, our experience has been that when the 
mediastinum was maintained in its noimal position, lung volume measure- 
ments failed to reveal evidence of developing emphysema This situation, in 
humans, is entirely different fiom that encounteied in dogs, wdieie the disten- 
tion of the remaining lung cannot be pi evented The shift of the mediastinum 
after pneumonectomy may be conti oiled bj' oiganization of the fluid in the 
empty hemithoiax, by oleothoiax, oi bj thoi acoplasty Oui data tend to 
show that thoi acoplasty does not i educe furthei the ventilatoiy function if 
measui es ai e taken to keep the spine sti aight, and thus pi esei ve the maximum 
expansion of the chest-bellows on the unoperated side Postthoi acoplasty 
scoliosis IS highly detiimental to the efficiency of the chest-bellowrs mechanics, 
as has been demonstiated by pievious w'oik in tubeiculous patients' 

No mention has been made, so fai, in this report of bronchospirometiy, 
which peimits sepaiate estimation of ventilation and gas exchange in each 
lung In two cases with suppuiative disease of the lung, this method w'as 
found to he of piactical value in helping decide betw'een limited and extensive 
lung lesection 

SUMMARY 

1 The effect of pneumonectomy upon pulmonary and caidiocirculatory 
function has been studied in 12 adult patients 

2 The following measui ements have been made 

(a) Lung volumes and subdivisions 

(b) Maximum breathing capacity 

(c) Ventilation, breathing reseive, respiratory gas exchange, and state 
of the respiratoiy gases m the arterial blood, undei basal condi- 
tions, during model ate exercise, and during the recovery period 
fiom moderate exercise 

(d) Venous piessuie, cii dilation time, and vital capacity before, dui- 
ing, and following an infusion of 1500 cc of a saline solution in 
30 minutes 

3 Ten patients, studied aftei pneumonectomy, w^ere divided into tw^o 
groups according to age, and compared to noimal controls Two of these ten 
patients w^eie again studied after a thoi acoplasty had been completed, and 
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two additional patients, not studied aftei pneumonectomy weie studied only 
aftei thoi acoplasty Six of the ten patients, studied aftei pneumonectom} 
had alieady been studied befoie opeiation 

4 The chief dififei ence between patients aftei pneumonectom} and noi mal 
subjects was the reduction m their bieathmg leseive in vaiious states of 
activity This reduction caused by a decrease in maximum bieathing capacit} 
was gi eater m the older patients because of the cumulative effect of abnormal 
hypei ventilation 

5 The decrease in maximum bieathing capacity was not piopoitional to 
the loss of lung volume, and was gieatly influenced by the state of distention 
of the lemaining lung 

6 The late effects of pneumonectom}' upon gas exchange m the lungs, 
the state of respiratoiy gases in the aiteiial blood, and the caidiociiculaton 
function w'ere insignificant 

7 In tw'O patients, age 53 and 63, lespectivcly, distention of the lemdining 
lung due to mediastinal shift w'as detiimental to hemoiespnatoiy gas ex- 
change, especially 111 the oldei patient w'ho had pulmonaiy emphysema 

8 A supplemental thoi acoplasty in foui patients did not impan, fuithei, 
the ventilatoiy function, and m some patients w'as of distinct benefit 

9 Ovei distention of the lemaming lung following pneumonectomy, inso- 
fai as It impaiis the mechanics of the chest bellows, and 1 educes tlie efficiency 
of gas exchange, is physiologically undesnable 

We wish to thank, paiticularly, Drs Heibeit C Maiti ami Ritliaicl L Rilcj foi 
then assistance and inanj' helpful suggestions 
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Discussion — Dr Andr^ Cournand (New York) Physiologic studies after 
pneumonectomy in children show remarkable resemblance to the findings just reported by 
Dr Berry in adults I have studied, so far with Drs Charles W Lester and R L Riley 
the cases of five children after successful completion of pneumonectomy and return to 
normal life Two of the five children had a marked displacement of the mediastinum 
toward the operated side persisting after complete expiration Lung volume measurements 
show that the residual air volume of the single remaining lung of those two children was 
about the same as the residual air volume of two lungs of normal control This was in 
contrast to the other three children with mediastinum maintained in normal position 
where the residual air volume was about half that of the normal control Permanent 
overdistention of the remaining lung in the former group was associated with a much 
greater decrease in efficiency of the chest bellows for air displacement as in the latter This 
was conclusively shown by measurements of maximum breathing capacity As we have 
previously shown this measurement is the best means of estimating the breathing reserve 
which in turn, is closely related to intensity and development of dyspnea It was thus 
not surprising to find that the intensity and duration of dyspnea for varying degree of 
exertion were greater in the two children with permanent overdistention than in the three 
others These five children, during the performance of an exhausting type of exercise, 
showed remarkable efficiency in supplying oxygen to the tissues and displacing carbon 
dioxide from the circulating blood As a matter of fact with one lung these children 
were able to perform as much exercise as normal controls of same size and age their 
breathing reserve was still large enough to afford the required ventilation although at the 
expense of comfort as shown by greater degree of dyspnea and finally, their oxygen intake 
and carbon dioxide output were as large These observations confirmed the following 
concepts i That the breathing reserve in normal is well over and above any physiologic 
demand 2 That the limit to exhausting exercise is not ventilation but circulation 

With Dr H C Maier we have studied the state of respiratory gas in the arterial 
blood during the immediate postoperative period following pneumonectomy This study 
revealed that the carbon dioxide content and the oxygen saturation in the arterial blood 
in the absence of complication, returns to normal within a few days after pneumonectomy 
This IS in contrast with what is observed after lobectomy where some degree of anoxia 
persists for a longer period of time supposedly as a result of inadequate correlation between 
the ventilation and pulmonary circulation in the remaining lobe or lobes on the operative 
side 

Persistent arterial oxygen unsaturation after pneumonectomy recognizes three pos- 
sible causes First the presence of a large bronchopleural fistula second a state of disten- 
tion or compression of the remaining lung brought about by mediastinal shift and third 
the development of pneumonia in the remaining lung The additional risk of anoxia 
during a period so fraught ivith other hazards requires that the variation of oxygen 
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saturation in the arterial blood should be carefully followed 

As to the late development of pulmonary emphysema after pncumoncctom> in chil- 
dren or adults, we have not yet settled the question, because of lack of long -following, but, 
so far, our experience has been that when the mediastinum is maintained in its normal 
position we failed to see any evidence of developing emphysema 

In summary, we might state that overdistcntion of the remaining lung after pneu- 
monectomy IS not physiologically desirable, either in children, in adults, or in the older 
age-group The teleologic concept, that the increase in size of the remaining lung to 
make up for the loss of the other lung, will bring about functional compensation, is not 
borne out by physiologic studies 

Dr EvARTS a Graham (St Louis, Mo ) Those who have not been primarily 
interested in chest surgery perhaps do not realize that there has been a very great deal of 
discussion and uncertainty m the minds of those of us who have been confronted by these 
problems, as to whether or not measures should be taken permanently to obliterate the 
empty space which is left after the removal of a lung 

In my first case, which is just past the ninth anniversary — I know because my 
patient always calls me up on the fifth of April, and he called me up again this year to 
remind me — when I completed the operation I was alarmed at the huge empty space 
which remained, and I thought that the only thing to do was a thoracoplasty to obliterate 
It Consequently, I at the same time removed seven ribs The patient made an uneventful 
recovery, although I removed the remaining three ribs at a subsequent date about three 
weeks after the operation I was greatly impressed with the ease of the convalescence of 
the patient In fact, I demonstrated him at a meeting of the Clinical Surgical Society, 
which met at St Louis only about two weeks after his operation He apparently had no 
dyspnea, and everything was going along very well 

Of course, this is a very radical procedure to add to the operation of pneumonectomy, 
and when Dr Rienhoff announced that apparently it was not necessary to obliterate this 
space by thoracoplasty, my own ideas wavered considerably, and after doing several total 
pneumonectomies without the performance of thoracoplasty, I decided that probably Dr 
Rienhoff was right Since that time, however, my own mind has wavered a good deal 
back and forth 

I think that we thoracic surgeons ought to be very grateful to Dr Cournand and 
Dr Berry for these very fine studies which have been reported here this morning These 
in a sense, also tend to confirm observations that were reported before the Association of 
Thoracic Surgery by Longacre two years ago, in which, also, evidence was brought out 
that probably in the long run the patient who has had a pneumonectomy would fare 
better if he had the space completely obliterated by thoracoplasty 

Now, if however one attempted to add a thoracoplasty as an initial procedure to the 
operation of total pneumonectomy, in all probability the mortality of the operation 
would rise In the early days, I undertook to compromise this measure somewhat by 
performing a thoracoplasty first, in some cases, followed by total pneumonectomy That 
procedure I abandoned because for various reasons I do not think it is a wise one 

In the patients whom Dr Berry recorded as carrying a permanent pneumothorax 
substituted by an oleothorax, that perhaps is an effective measure which might be satis- 
factory in patients who might otherwise be a poor risk for subsequent thoracoplasty 
But after all, of course carrying a lot of oil around in the chest is carrying a foreign body 
and oleothorax for tuberculosis has had a rather high proportion of unsatisfactory results 
largely because it is a foreign body that is earned around 

Dr Rienhoff, however, suggested some years ago, that it is not necessary that a 
thoracoplasty be performed at the time of the operation If it should seem necessary it 
can be done some time later, and I think that that is sound advice 

Dr Frank B Berry (closing) I should hke to thank Dr Graham %cry much 
for his kindly discussion, and say that I agree completely with him about the dangers of 
oleothorax, and it was merely given to D M as a makeshift as we still hesitate to under- 
take a thoracoplasty on him 

We have had two other patients lately m whom this question has arisen One was 
the man for whom we did a pneumonectomy for intrabronchial tuberculosis He has 
been hospitalized since 1024 That is a great handicao to oiercomc Following his 
pneumonectomy, he still had many aches and pains His chief complaint was difficulty 
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m swallowing though wc could not demonstrate anything by csophagograms We finally 
suggested that perhaps it was due to distention of his other lung and some push or pull 
which wc could not demonstrate Following thoracoplasty, he has been completely re- 
lieved, notwithstanding relatively good functional studies all along He is now inquiring 
about the chances of getting a job, so apparently from the purely subjective standpoint 
it was completely worth while 

Another is a man of sixty Following his pneumonectomy, he decided the best way 
to put himself in shape was to forget all about hospitals and promptly built himself up 
to the ability to walk ten miles a day Two years later this winter, he came back to us 
with pneumonia from which he recovered and again he left the hospital He came 
back a few weeks later with acute dyspnea and was markedly cyanotic from a diffuse 
bronchitis Since then during his convalescence he has had similar attacks — paroxysms 
with acute dyspnea I became very much worried about the possibility of his overdisten- 
tion and within the last week we put him through complete studies only to find that at 
the end of two years his lung still is about in the midline, there is a very good diaphrag- 
matic excursion oxygen saturation of 95 per cent and exceedingly good maximum breath- 
ing capacity So wc have decided that his trouble is due probably to a true bacterial 
asthma coming on in paroxysms and has nothing to do with overdistention of the 
remaining lung 

Now wc have never undertaken a thoracoplasty on him nor do we intend to as long 
as he maintains this position which it seems likely he will and he has filled the operated 
side of his chest just as Dr Rienhoff has suggested, with some sort of plug of fibrin and 
coagulated serum sufficient to hold his mediastinum in place In view of these recent 
difficulties wc were very much astonished to find such very good functional response in 
the midst of these senes of paroxysms 
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A PRACTICAL CONSIDERATION OF OPEN PNEUMOTHORAX 
UNDER SODIUM EVIPAL, SODIUM PENTOTHAL, AND 
ETHER ANESTHESIAS^ 

Carl A Moyer, M D , and John B McKittrick, M D 

Axx Arbor, Mich 

FROM THE DEPARTMENTS OF SURGER\ AND PHTSIOLOGT UNIVERSITY OP MICHIGAN ANN ARBOR MICH 

The changes in breathing which are induced hy the collapse of the 
lungs weie fiist described comprehensively h} Heimg and Bieuer® and 
hy Head Although the experiments that they performed ^^ere carried out 
upon rabbits, the alterations the}^ observed in the charactei of respiration 
aie similai to the changes m breathing that occui when open pneumothorax 
IS induced in dogs and human beings The alterations in the charactei of 
hieathmg are as follows An initial dominance of inspiratory activity and 
a retardation of breathing, a subsequent equalization of inspiration and ex- 
])iration and an acceleration of the rate, and, finally, in many instances, the 
dominance of the expiration and a slowing of the rate The initial dominance 
of the inspiratoiy act is probabl}^ the result of the changes in vagal reflex 
activity that are brought about by the collapse of the lungs ” The sub- 
sequent changes m breathing that occur as the peiiod of pneumothorax ex- 
tends are dependent, to a large extent, upon the development of asphyxia * * 
In view of the number of penetiatiiig wounds of the chest that are now 
being suffered, a study of the effects of anesthetic agents upon the lespiratory 
phenomena that are associated with open pneumothorax seemed to he justi- 
fied, especially since a definite jiossihihty exists that the knowledge gamed 
fioni the experiments could he employed in ti eating people who suffei 
chest injuries 


MCI HODS 

The general equipment and pioceduies have been desciibed pieviously’ 
Pneumothorax was instituted by opening the side ai m of a flanged cannula 
of ^-inch bore The cannula was inseited into the right chest thiough the 
periosteal bed of the fourth oi fifth rib The mediastinal jileuiae were 
perforated , therefore, the opening of the cannula pei mitted the lungs to 
collapse quickly The withdiawal of an thiough the side aim leexpanded 
the lungs Ninety-five pei cent alcohol ^\as injected into the mtei costal 
nerves that were available in the field of opeiation This vas done in older 
to prevent nociceptive stimuli, set up by the letention of the cannula in the 
chest wall, from modifying the breathing 

The animals were anesthetized with sodium evipalT (i methyl 5 A' 
cyclohexenyl 5 methyl barbiturate) 50 mg per kilogram, sodium pentothalT 

* Read before the American Surgical Association Cleveland, Ohio, April 6-8, 1942 
T Evipal and pentothal are used throughout the remainder of the paper to designate 
tlie sodium salts of these barbiturates 
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(ethyl (i-methylbutyl) thiobarbituiate) 25 mg per kilogram, or “open drop” 
ethei During the preparation of the animals for the experiments, the 
anesthesia was maintained at moderately deep levels Before the expen- 


PTHO 

light ether deep 



I iG r — Illustrates the responses to open pneumothorax under light and deep anesthesia i.xpen 
ment i8 was begun with ether anesthesia and terminated with evipal anesthesia Experiments g and 4 
were conducted under enpal anesthesia 


mental procedures were begun, the anesthesia was regulated so that the 
corneal, the lid, and the patellar reflexes weie very active, and the electrically 
excited, reflex contraction of the semitendinosis muscle relaxed slowly 

Three respiratoiy tiacmgs were obtained Tidal air (spirometer)*, chest 
breathing, and abdominal breathing An inspiration was recorded as an 

* The spirometer and chest tracings have been omitted in maiw of the illustrations 
in order to conserve space 
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Tic 3- — Illustrntcs the respirator responses to open pneumothorax under light, mod 
cnto, and deep ether anesthesia The rapidiU with whieh the respirator\ reactions change 
when the ether anesthesia is discontinued is shown in the lower record within fi\c minutes 
the response changes from that labeled “deep” to that labeled "%cr\ light” 
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upbl-ioke on all of the lecoids A nieicuiy manometci was used in recording 
the mean blood piessuie in the femoial aiteiy oi in the carotid aitery 

RnSULlS 

Twenty expeiiments -weie pei formed Seven with evipal anesthesia, 
eight with pentothal anesthesia, and five with ether anesthesia The types 
of the lespiratory responses to open pneumothoiax aie illustiated in the 
hist three figures (Fig i — evipal, Fig 2 — pentothal. Figs i and 3 — ether) 
Dm mg light pentothal, evipal 01 ethei anesthesia the reactions of the animals 
to collapse of the lungs weie similar Fust, inspiration was intensified and 
prolonged After the fiist respiiatoiy cycle during pneumothorax had been 
completed, the prolongation of the inspnatoiy phase decreased and the 
intensity of the expiiatoiy phase inci eased These changes ^\ele asso- 
ciated with an mciease m the late of bieathing In many experiments 
the duration of expiiation subsequently mci eased gradually and the res- 
piiation cleci eased m late (Fig i. Fig 2 — Expei ii, and Fig 3) 
Aftei the lungs weie leexpanded a rate of breathing that vas slowei 
than the antecedent 1101 mal late was piesent for vaiied peiiods of tune 

Dm mg moderately deep anesthesia open pneumothorax pioduced varied 
changes in the character of bieathing When evipal or pentothal were 
employed as anesthetics, three distinct types of reaction to the collapse of 
the lungs weie apparent One is chai actei ized by a lelative inspiratoiy 
apnea (Expei 18, Fig i (evipal), and Expei 10. Fig 2) , another by 
a faiily equal piolongation of the inspnatoiy and expiiatoiy acts (Exper 9. 
Fig I, and Expei ii Fig 2); and the last, by a lelative expiratoi}'^ apnea, 
(Expel 4, Fig I. and Expei 7 Fig 2) The type distiibution of the 
experiments done with evipal and pentothal anesthesia is shown m Table I 

The institution of open pneumothoiax dining model ately deep ether 
anesthesia was followed by qualitatively similar reactions m all of the 
animals , the intensification and prolongation of the inspiratory phase is less, 
and the prolongation of the expiiatoiy phase is gieatei than the respective 
leactions were when the anesthesia was light (Figs i and 3) 

The 1 espouses to lemflation of the lungs (the teimination of the period 
of pneumothorax) weie also vaiiable ivhen moderate to deep evipal or 
pentothal anesthesia was employed In general the animals placed in Group 
I (Table I) bieathed more lapidly and moie deeply, and those placed in 
Gioup II breathed mote slowly and moie deeply after the period of pneumo- 
thoiax than they did befoie it The animals in Group III were apneic after 
the lungs were reexpanded Of the seven animals in Group III, three (two 
that were anesthetized with pentothal and one with evipal) failed to breath 
spontaneously after a brief period of lung collapse (30 seconds or less) Their 
breathing was eupneic before the pneumothorax was instituted Inter- 
mittant artificial respiration was performed on these animals for 33 to 56 
minutes This maneuver succeeded in maintaining the mean blood pressuie 
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of the animals above 130 Mm as long as it was peifoimed Howe\ei. an 
adequate spontaneous lespiiation was not 1 eestablishcd Ibe other foui 
animals in Group III lecovcied aftei the peifoimance of aitificial res])iiation 
or aftei the intiatracheal admmistiation of oxygen Vaiied mechanisms aie 
involved in the production and maintenance of the long postpneumothorax 


EFFECT OF OXYGEN INSUFFLATION 
ON 

OPEN PNEUMOTHORAX AND VAGAL BLOCK 



1 ic 4 — Illustrates the effect of tlie oxygen insufflation upon respiration during and after open 
pneiiniothoi ax, and upon respiration during bilateral cervical \agal cold block 


apneas Asphyxia plays a very important lole If the asphyxia that fre- 
quently exists duiing modeiately deep barbituiate anesthesia^ is relieved and 
the development of the asphyxia that follow’s the collapse of the lungs is 
delayed 01 entiiely stayed, by the intratiacheal insufflation of an 01 oxygen, 
the long apneas do not occm (Fig 4) The lecord A w’as obtained after 


Txbii 1 


Aneslhcsi i 

Total Number 

Group I 
Relative 

Group II 
Balanced 

( roup III 
Relati\ e 

Modera te — Deep 

of Animals 

Inspiratory Apnea 

Breathing 

Expirator> Apnea 

Sodium evipal 

7 

1 

3 

3 

Sodium pentotlial 

8 

2 

2 

4 

the i>ostpneumothorax 

apnea, illustrated m Fig 2. 

, Exper 

7, w'as broken 

by the intiatiacheal insufflation of 

oxygen This 

oxygen 

insufflation was 


continued thiougb A of Fig 4 (Compare A of Fig 4 with Exper 7 of 
Fig 2, and B of Fig 4) Note the lelative absence of expiiator} dominance 
during the longei period of pneumotboiax and the lelative bre\it\ 
of the postpneumothorax apnea w’hen pneumotboiax is instituted and stopped 
w'hile oxygen is being insufflated, as compared with the response of the same 
animal w’hen air is bieathed befoie the pneumotboiax and the insufflation 
of oxygen is not employed Note in Figuie 4 B that the long expiratoi) 
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postpneumothorax apnea was not successfully broken by artificial lespiration 
but that it was very quickly relieved with the insufiflation of oxygen Part C 
of Figure 4 followed B and the result is practically identical with that pre- 
viously obtained under similar experimental conditions — Part A 

Although asphyxia produced great changes in breathing during and after 


OPEN PNEUMOTHORAX 

ANESTHESIA PENTOTHAL PEN TOTH AL + ETHER PENTOTHAL 



Fig s — Illustrates the effect of ether upon the respiratory response to open pneunio 
thorax under moderate pentothal anesthesia 


pneumothorax when evipal and pentothal aie employed as anesthetics it does 
not produce similar changes 111 breathing when ether is used (Fig i, Exper 
18 — ether, and Fig 3) Not only is this apparent when the barbiturate and 
ether series are compared, but it is also seen in single experiments The 
section of Figure i, Exper 18, that is labeled ether anesthesia, shows the 
respiratory reactions to pneumothorax under light and deep ether anesthesia , 
the section labeled evipal, immediately below it, shows the responses of the 
same animal to pneumothorax after evipal has been substituted for the ethei 
(ether discontinued and evipal given when the ether anesthesia became too 
light) It IS obvious that there is little similant}! between the reactions 
during ether and evipal anesthesia 

Expiratory dominance during pneumothorax (anesthesia — evipal and 
pentothal) is entirely suppressed by a little ether vapor Compare the 
sections of Experiments ii and 5, in Figure 5, labeled pentothal, with those 
labeled pentothal + ether Ethei vapor was administered to the animals 
for five and nine minutes, respectively, between the first and second records, 
and it was discontinued between the second and third No pentothal was 
given between the first and the third records 

Experiment 6, Figure 6, demonstiates the respiratory stimulating action 
of ether Before ether was administered to the animal which was moderately 
anesthetized with pentothal, life had been maintained for 37 minutes by arti- 
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VAGAL BLOCK 



VA® BLOCKED ART VENT 


Fig 6 — Illustrates the effects of ether, partial pneuniothorav, and vagal block upon ipm is 
that followed open pneumothorax under pentotlial anesthesia 

ficial respiration after breathing had stopped following a short period 
of open pneumothoiax The adininisti ations of ether foi one and one- 
half minutes duiing a peiiod of artificial lespiiation resulted in eupneic 
bieathing that gradually faded out as the ether was blown off, and bieathing 
finally stopped again See the peiiod below labeled “pth — ofi ” 

DISCUSSION 

The type of anesthetic and the depth of anesthesia effect great changes 
in the characteristics of the respiratory response to collapse of the lungs It 
IS not sui prising that the primaiy inspnatoiy stimulating effect of pneumo- 
thoiax IS less when the animals aie anesthetized with ether than it is when 
they aie anesthetized with evipal or pentothal, for ether has a comparatneh 
greater depiessmg action upon leflexes than these barbituiates have- (The 
inspiratory stimulating action of lung collapse has a leflex origin) 

The development of either mspiiatory (veiy lare) or of expiiator) dom- 
inance (common) during pneumothoiax m many of the experiments con- 
ducted at moderately deep levels of evipal oi pentothal anesthesia and the 
development of expiiatory dominance during pneumothorax m all of the 
experiments conducted at deep levels of ether anesthesia are probablj the 
result of asphyxia, however, the mechanisms mvohed in their production 
appear to be diffeient The characteristics of the expiratorv dominance under 
evipal or pentothal anesthesia indicate that it is due to a relative overactivitv 
on the expiiatoiy center (Consult refeience 3 for a detailed discussion) 

Two of five animals when thev were verv Iighth anesthetized with 
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cthei, showed a small expiratoiy dominance of the ovei active type (Fig 3) 
However, the charactei istics of the expii atory dominance that develops during 
the peiiod of pneumothorax when the animals aie deeply anesthetized with 
ether, indicate that this dominance pi obably is due to the depi ession of breath- 
ing by asphyxia rather than to a selective stimulation of the respiratory center 
These characteristics are the gradual onset and the even increase, the 
paucity of evidence for an increased strength of expiration, the even and 
gradual recovery that follows leexpansion of the lungs, the absence of quali- 
tative variations in the responses of difteient animals, and the striking sim- 
ilarity that the dominance bears to the respiratory depression eflfected by 
anoxia in animals deeply anesthetized with ether - 

The development of a strong expiratory dominance of the overactive type 
predisposes the animals to long apneas when the lungs are reexpanded 
Apneas that are of sufficient length to necessitate the use of artificial respira- 
tion to maintain life did not occui in the expeiiments in which an inspiratory 
dominance (Exper 18, Fig i — evipal , Expei 10, Fig 2), or a balanced 
breathing (Exper 9, Fig i, Exper ii Fig 2) obtained during the period 
of pneumothorax Expii atory dominance of the depressive type (deep ether 
— Exper 18, Fig i, and Exper 16, Fig 3) did not predispose to long apneas 
in this series of experiments No apneas of sufficient length to necessitate 
the use of artificial respiiation weie encounteied during ether anesthesia 
However, long apneas can undoubtedly be induced in animals deeply anes- 
thetized with ether if the period of pneumothorax is extended enough to 
effect an asphyxial depression of the center to such a degree that spontaneous 
recovery becomes improbable 

Many factors appear to be involved in the institution and the main- 
tenance of the apneas that follow open pneumothorax The withdrawal 
of the intrathoracic air, that terminates the period of pneumothorax, rapidly 
increases the volume of the lungs , this increase in volume stimulates expira- 
tion If the Henng-Breuer reflexes aie active, as they usuall}' are, in animals 
anesthetized with evipal or pentothal, the expirator}'^ stimulating effect of 
inflation of the lungs will tend to leinforce the expirator)'^ dominance de- 
veloped during the pneuinothoi ax Although this mechanism very likel) 
plays some part in the institution of the apneas, it is not of primary import- 
ance because the jDOstpneumothorax apneas occui when pneuinothoi ax is 
instituted aftei the afferent pathways of the Hering-Breuei reflexes (the 
vagi) are blocked or cut'* Fuithermoie, an ovei activity type of expiratory 
apnea develops without the institution of pneumothorax when the vagi are 
blocked and asph3fxia develops as the result of a deci eased pulmonary ex- 
change (Fig 4, bottom) Undoubtedly asphyxia is very important for the 
development and the maintenance of the apneas If the onset of asphyxia 
during pneumothorax is stayed, the postpneumothorax apneas do not appear 
(Compare A and C with B or Figure 4) However, the effectiveness of 
asphyxia in producing the apneas is dependent upon the type of anesthetic 
and the depth of anesthesia Very long apneas did not occur at any depth 
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of ethei anesthesia oi at light levels of evipal or pentothal anesthesia 

Evipal and pentothal may ettect eithei one oi the other of two basic 
changes m the balance of the lespiiatoiy mechanisms that might account foi 
the apneas either they incieasc the activity of the expiiatoi} centei more 
than that of the mspiiatoiy centei or they deciease the activity of the 
inspiratory center moie than that of the expiratory center The data pro- 
vided by this senes of experiments aie inadequate to establish the validit} 
of one 01 the othei of the above possibilities, however, these experiments 
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Fig 7 — Illustrates the masking effect of a closed pneumothorax of loo cc upon 
the respirator\ depression effected b} CMpal and pentothal (This experiment was con 
ducted under eMpnl anesthesia) 

sho\N that the apneas aie easil} broken by leflexly increasing inspiratory 
activity The institution of the deflation Hermg-Breuer leflex by admitting 
150 cc of air into the chest (pthcl — closed pneumothorax) of an apneic 
animal institutes and maintains a eupneic breathing as showm in the begin- 
ning of the lecoid m the middle of Figme 6 The withdrawal of the air 
(pth oft) stopped breathing Remstitntion of the closed pneumothorax 
(150 cc ) reinstated bieathmg The experiments demonstrate also that the 
administration of a small amount of ethei to animals that aie anesthetized 
with evipal or pentothal abolishes the expiiatory dominance and breaks the 
apnea (Figs 5 and 6, respectively '» These actions of ether might be due 

solely to Its reflex depiessaiit action This possibility is very unlikely since a 
gieat dissimilarity exists betw^een the effects of vagal block and ether (Vagal 
block lapidly and completely suppresses the transmission of respiratory 
afferent stimuli of pulmonary and vascular oiigin that traverse the vagi) 
Compare the recoids at the top and bottom of Figure 6 Therefore, it is 
piobable that the effectiveness of small amounts of ether in suppressing 
expiratoi}^ dominance and 111 breaking the apneas is due to its respiratory 
stimulating action Fthei has been proven to be a verj effective respiratory 
stimulant m labbits deeply anesthetized with the long-acting barbiturates' 
Although the basic pharmocologic actions of evipal and pentothal which 
account for the disruption of breathing during and subsequent to pneumo- 
thorax have not been determined, it is apparent that the institution of a 
continuous inspiratory stimulation (closed pneumothorax), the administra- 
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tion of small amounts of ether, or the suppression of asphyxia (intratracheal 
insufflation of an or oxygen) mil correct the disruption of respiratory 
balance 

However, in spite of the fact that effective measures can be taken to 
prevent and to overcome the dangerous respiratory phenomena which occur 
during and after pneumothorax when evipal and pentothal are used as 
general anesthetic agents, these barbiturates should be considered as being 
more dangerous than ether Consequently, they should be employed with 
utmost caution as general anesthetic agents, especially when pneumothorax 
exists or will be produced 

Besides the appaient dangers that confront the breathing under bar- 
biturate anesthesia, theie are other factors that make evipal and pentothal 
moie dangerous than ethei, even in the most skilled hands The most 
impoitant of these factors is the relative lack of definitive signs of anesthesia 
during evipal and pentothal anesthesia There are only two governing signs 
for barbiturate anesthesia, namely, the anesthesia is deep enough when the 
suigeon operates without signs of painful stimulation appealing in the patient, 
and the anesthesia is too deep when respiration ceases There are no 
leliable signs available during adequate anesthesia to permit the anesthetist 
to ascertain the imminence of respiratory arrest until it does occur Further- 
more, the limiting sign — the cessation of breathing — is exceedingly variable 
Painful stimuli, anoxia, and inspiratory stimulating proprioceptive respiratory 
stimuli mask overdosage ^ The masking effect of a slight reduction in the 
volume of the lung is shown in Figure 7 Note that breathing increased 
when a loo cc closed pneumothorax was produced, that the rate of breathing 
deci eased from 38 to 18 cycles per minute after one cubic centimeter of evipal 
was given, and that after a steady breathing had been established, breathing 
stopped when the pneumothoiax was terminated The “premortal” asphyxial 
rise of blood pressuie is seen at the extreme right — bieathing was reinstated 
by a 100 cc pneumothoiax, ten minutes later this was withdrawn and breath- 
ing stopped again Forty-one minutes elapsed between the injection of evipal 
and the reestablishment of an adequate respiration without the stimulus of 
a small closed pneumothorax Similar results were obtained in all of the 
experiments in which this procedure was performed (four with evipal, and 
three with pentothal) Therefore, the administration of evipal or pentothal, 
in the face of acute pneumothorax, must be done blindly and without assur- 
ance that breathing will continue after the operation is completed, the pneumo- 
thorax reduced, or the asphyxia, that is commonly associated with pneumo- 
thorax, IS diminished 

In spite of the evidence that the barbiturates, in the presence of pneumo- 
thorax, are potentially more dangerous from the standpoint of breathing than 
ether, the experimental findings clearly indicate that pentothal could be safely 
and advantageously employed for the induction of ether anesthesia, especially 
in situations m which the gases ordinarily employed for this purpose are 
not available 
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In ciicumstances that piohibit the use of ethei, pentothal could be 
employed as a i datively safe anesthetic agent piovided that the anesthetist 
and suigeon are cognizant of its limitations and the wide variations m bieath- 
ing that fiequently attend pentothal anesthesia 

Expeiiments recently peifoimed indicate that hypercaibia (retention of 
carbon dioxide) rathei than anoxia is the dominant component of asphj^xia 
in the pioduction of the disruptions m respiration that have been desciibed 
Theiefoie, inci easing the oxygen content of the air mspiied by the patient 
during the opei ation will not pi event these phenomena, because this expedient 
acceleiates the development of hypeicaibia when employed dm mg pentothal 
anesthesia The intiatracheal insufflation of an oi oxygen is the only 
measuie that can be lehed upon to pi event asphyxia oi lelieve it 

SUMMARY AND CONCLUSIONS 

The lespiratoiy i espouses associated with open pneumothorax in animals 
lightly anesthetized with evipal, pentothal, oi ether were quantitatively similai 
The responses of animals moie deeply anesthetized with evipal and pentothal 
were vaiied, some weie piimaiil}^ inspiratory, some weie balanced, otheis 
were pnmaiily expiratory The i espouses of animals moie deeply anesthe- 
tized with ethei were of the expiiatoiy type The mspiratoiy oi expiiatoiy 
dominance that is present or develops duiing pneumothoiax m animals mod- 
el ately anesthetized with evipal or pentothal is piobably due to selective 
stimulation of the lespective lespiiatory half centeis and the expiratoiy 
dominance that develops dm mg pneumothorax in animals deeply anesthetized 
with ethei is probably due to depiession of the center 

The presence of expiratory dominance during pneumothoiax m animals 
anesthetized with evipal or pentothal piedisposes to long postpneumothorax 
apneas The development or expiiatoiy dominance and of the postpneumo- 
thorax expiiatory apneas is pi evented by the intiatracheal insufflation of 
air or oxygen oi the administration of small amounts of ether 

The postpneumothoiax apneas aie broken by the intrati acheal insuffla- 
tion of air or oxygen, by a small amount of ether, oi by a slight reduction 
111 the volume of the lungs 

No postpneumothorax apneas were noted m animals that were anesthe- 
tized with ether 

A small closed pneumothoiax masks the respiratory depressing action of 
evipal and pentothal 

Although, from a physiologic viewpoint, pentothal is less safe in the pres- 
ence of pneumothorax than is ethei, especially if asph3^xia is present or 
develops, pentothal may be safely and advantageously employed to induce 
anesthesia that is to be maintained with ether, because ether effectively 
counteiacts the untoward respiratory leactions seen undei pentothal an- 
esthesia 
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Discussion — Dr J B McKITTRICK (Ann Arbor, Mich ) I would like to add a 
very brief word to what Dr Moyer has already told you It has to do with effects of high 
concentrations of oxygen and carbon dioxide in animals anesthetized with evipal and pento- 
thal This IS pertinent to the pneumothorax problem, and is also important in dealing with 
patients anesthetized with these anesthetic agents for other conditions 

(Slide) These slides are set up exactly as those shown by Dr Moyer, the upper line 
representing the exchange of air as measured by spirometer, the second line showing costal 
respiration the third blood pressure and the lower line abdominal respiration Through- 
out this period represented by the base line 100 per cent oxygen is being administered 
this animal having been anesthetized with evipal During the administration of 100 per 
cent oxygen respiration gradually slowed down until finally it ceased entirely Various 
maneuvers were instituted to make these animals breathe again namely negative and 
positive pressure — that is intrapulmonary pressure via the spirometer and artificial respira 
tion of the chest Neither of these was successful As soon as the 100 per cent oxygen was 
removed and the animal returned to room air practically normal respiratory action ensued 
(Slide) If you will pay attention to this upper line and forget the rest here again is 
an animal anesthetized with evipal Sections A B and C represent increasing depth of 
anesthesia The animal is given 12 per cent carbon dioxide and 28 per cent oxygen 
Twenty-eight per cent oxygen functions to eliminate the stimulating factor of anoxia You 
can see as the anesthetic depth is increased, the respiration again becomes progressively 
slower and if the mixture is continued will eventually cease 

It IS only safe to inject a word of caution in using the common respiratory and 
resuscitative measures namely common dioxide and oxygen in patients who have ceased 
to breathe under these anesthetic agents 

Dr Frederick A CollER (Ann Arbor Mich ) I simply wish to state that my 
connection with this paper is due entirely to my interest in it and the work was all done 
by Drs Moyer and McKittnck 

I think the question might be raised whether at the present state of the practice of 
surgery a surgeon should any longer concern himself with these questions of anesthesia or 
leave them in the hands of the anesthesiologist My feeling is that there are as yet too few 
of them and that we still must concern ourselves with the subject of anesthesia because I 
find that when a patient dies under an anesthetic I am the person who has to tell the 
family so I still must take an interest in it 

There is one point I would like to emphasize because it has seemed important and 
helpful to me and that is that painful stimuli mask the depth of the anesthesia induced 
with the modalities we have been discussing Last week we saw a most interesting case in a 
nearby town Sodium pentothal was used for a very difficult bronchoscopic examination 
and apparently there were difficulties to be overcome, and the anesthesia became deeper and 
deeper Finally the procedure was over the painful stimuli ceased and the patient ceased 
to breathe of course because of the lack of the painful stimulation incident to the broncho- 
scopic examination They gave the patient all the usual stimulants and I think several 
other things that happened to be on the shelf without avail Artificial respiration was then 
started and 30 minutes later the patient began to breathe Of course he was a decerebrate 
being from then on and still is due to this prolonged anoxia Had they known enough 
to have given him ether and oxygen as has been brought out in this paper with forced 
respiration the patient would have gone on to a successful convalescence 

I know that all of us have given many patients sodium pentothal without danger I 
think however that we should know that many people do not have this good fortune 
The man who gave this particular anesthetic had only employed it six times previously 
Upon inquiry we found two other instances where amateur anesthetists had a death rate 
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of about one in one hundred, which is too high The deaths could all be averted had they 
known the advice given to us this morning There is much that we still have to learn about 
anesthesia, and I believe a surgeon should have an up to date knowledge of all that is known 
Discussion — Dr Edward D Churchill (Boston, Mass ) There is one sen- 
tence in Dr Moyer s paper which probably was too informal to be carried into the 
published version I should like to have it appear in the discussion, namely ‘ Despite the 
fact that these animals were under the most careful scrutiny with a constant record of blood 
pressure pulse respiration, and objective signs for the depth of anesthesia ” Dr Moyer 
said Before we knew ivhat was happening we lost three animals under pentothal 
anesthesia ” 
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FROM THD SURGICAL SCRVICC OF THC MASSACHUSETTS GENEIUiL HOSPITAL ROSTOV MASS 

PART II 

ABBRE'SHATED CASE REPORTS OF THE OPERATIONS WHICH 

FORMED THE B4.SIS FOB THE ARTICLE APPEARING IN THE 

Annals of Surgery, Vol 15, No 6, 897-920, June, 1942 

CASES OF CARCINOMA OF THE MIDTHORA.CIC ESOPHAGUS (zONE II) 

Case 1 — M G H, No 162314 Female, age 43 Admitted 11/10/38 Epidermoid 
carcinoma, Grade III, at level of 7th dorsal vertebra Obstructive sxmptoms one yeai 
General nutrition good No demonstrable metastases 

1/17/39 — Jej unostomy Upper abdomen not examined 

2/3/39 — Transpleural esophagectomy (right side approach) Esophagus isolated 
m neck Resection 4th rib and division 5th Azygos vein divided Esophagus sectioned 
four inches above cardia and distal stump inverted Proximal esophagus and growth 
delivered through cervical incision 

3/20/39 — Celiotomy Esophageal stump delivered fioni mediastinum and brought 
to abdominal wall Left gastric artery preserved 

4/20/39 — Retracted lower stoma revised Uppei stoma revised 

7/19/39 — First-stage skin-tube plastic 

10/13/39 — Second-stage skin tube plastic (Fig 3) 

3/28/40 — Third-stage skin tube plastic 

Result Ingestion of semisolids and liquids Delay at lower stoma required “milk- 
ing” contents of antethoracic esophagus into stomach Resumed activities as housewife 
on small farm 

12/17/40 — Small left pleural effusion 

12/23/41 — Bone metastases 

2/^/42 — ^Died with disseminated metastases 

Comments Prolonged jejunostoni)'- and stomal feedings caused tveakness 
of muscles of deglutition, so patient had to “leain to swallow” aftei tube 
completed 

Lower stoma foimed from esophagus pioduced delay in passage of food 
fiom tube to stomach 

Death m three years, from metastases, despite favorable operative findings 
and complete operation 

Case 2 — M G H , No 179379 Female, age 63 Admitted 4/10/39 Epidermoid 
carcinoma, Grade III, at level of aortic arch Substernal pain two months No ob- 
structive symptoms General condition good No demonstrable metastases 
S/5/39 — Jejunostomy without exploration 

5/25/39 — Transpleural esophagectomy (left side approach) Resection Sth nb 
Growth, adherent to vertebral column behind aorta, was broken into during dissection 

* Read before the American Surgical Association, Cleveland, Ohio, April 6-8, 1942 
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Removed, with two-mch margin above and below Lower stump inverted Piovimal 
esophagus delivered through left cervical incision An intercostal artery at aortic arch 
torn during dissection controlled by ligature Catheter drainage of chest 

Comment Acute mediastimtis from rupture of giowth at opeiation 
aborted by sulfonamide therapy Patient died 32 days after operation of 
hemorrhage from aortic point of origin of intercostal artery weakened by 
lesidual infection at foimer site of tumor 

Case 3 — M G H No 234193 Male, age 48 Admitted 2/5/40 Epidermoid 
carcinoma, Grade HI, just below level of bifurcation of trachea Dysphagia five months 
No pam Fifty pounds weight, loss, emaciated, anemic Blood chemistry normal No 
obvious metastases 

2/17/40 — ^Jej unostomy without exploration Transfusion 

3/27/40 — Transpleural esophagectomy (right side approach) Resection 6th nb 
Division 7th nb Azygos and superior intercostal veins divided Esophagus divided 
well below growth and distal stump inverted Proximal esophagus and growth delivered 
through cervical incision Left pleura opened during dissection Closure impossible 
4/15/40 — ^Exteriorization of distal stump of esophagus, esophageal hiatus sutured, 
left gastric vessels and vasa brevia divided Biopsy of lymph node near left gastric 
vessels showed metastatic epidermoid carcinoma 

Result Returned to work, ate liberal diet, using rubber tube connection Developed 
stenosis of lower esophageal stoma 

i/iS/41 — Beck-Jianu gastrostomy Lower stoma showed recurrence of carcinoma 

, in esophageal wall 

6/6/41 — Died, with metastases 

Comment Use of esophagus distal to tumor m reconstructive procedure 
(i) invites disaster from inadequate removal of cancel , and (2) provides too 
small a stoma Cases i and 3 led to substitution of Beck-Jianu gastrostomy 
as more acceptable procedure 

'Case 4 — M G H No 220533 Male, age 53 Admitted 7/2/40 Epidermoid 
carcinoma, Grade II, in lower third of esophagus Attacks of epigastric pain after 
eating No vomiting General condition and nutritional state good 

7/24/40 — Jejunostomy with exploration No abdominal metastases, left gastric 
nodes not involved 

8/3/40 — Transpleural esophagectomy (left side approach) Resection 8th nb 
Division ribs 7, 6, 5, 4 Growth not adherent Esophagus divided inches above 
cardia and distal stump inverted Right vagus nerve cut Proximal esophagus and 
growth delivered through cervical incision, giowth removed, proximal esophagus 
brought down through subcutaneous channel and out below clavicle No dram 

9/6/40 — Beck-Jianu gastrostomy, long tube, left gastric vessels and two upper 
vasa brevia cut 

Result Excellent functional result, using a rubber tube connection Gained 40 
pounds 

6/22/41 — Metastases in upper mediastinal lymph nodes 
9/^/4! — Died with disseminated metastases 

Case 5 — M G H No 279893 Male, age 59 Admitted 12/11/40 Epidermoid 
carcinoma. Grade II, opposite aortic arch Obstructive symptoms several months , sub- 
sternal pam while eating for three weeks Well nourished, good condition, no demon- 
strable metastases 

12/23/40— Beck-Jianu gastrostomy No metastases to liver or subdiaphragm- 
atic nodes 

1/9/41— Transpleural esophagectomy (left side approach) Intercostal incision, 8th 
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interspace Posterioi division of ribs 8, 7, and 6 Growth adherent to vertebral column, 
first upper right and two uppei left intercostal aiteiies divided so as to retract aortic 
arch Both vagus neives cut Lowei esophageal stump inverted close to cardia, 
proximal esophagus and growth deliveied through ceivical incision, growth removed, 
proximal stoma brought out below clavicle 

6/7/41 — First-stage skin-tube plastic using skin along light side of chest to be 
transplanted later to left side Hairy chest 
9/3/41 — Second-stage skin-tube plastic 
10/17/41 — Third-stage skin-tube plastic 

Result Developed pneumonia , finally showed evidence of recurrence Died 4/24/42 
(Reported in Table H as a surviving case) Autops} showed local recurrence in 
mediastinum with invasion of vertebral column 

Comment Chest too haiiy for use of skin between stomata Rope-gratt 
tube constiucted from light lateial chest in haiiless aiea, completed and read}'’ 
foi transfei to left side Death fiom lecuiience mteivened before final stage 
was completed 

Case 6 — P M H No 40 1504 Admitted 9/ ^0/40 Epidermoid carcinoma. Grade I, 
opposite aortic arch Dysphagia foui months P001I3' nouiished, 30 pounds weight- 
less No demonstrable metastases 

10/15/40 — Beck-Jianu gastrostoni}" No abdominal metastases found 
11/4/40 — Revision of gastrostomy, insertion of temporal}' rubber tube into low'er end 
11/14/40 — Transpleural esophagectomy (left side approach) Resection of 7th rib 
Division of ribs 6, 5, and 4 Esophagus divided close to diaphi agm , distal stump inverted 
Upper two intercostal aiteries divided to allow letraction of aortic aich Proximal 
esophagus and grow'th delivered through cervical incision, giow'th removed, stoma 
established in neck because of high growth Catheter drainage of chest 

12/23/40 — Celiotomy Gastrostomy closed Distal esophageal stump pulled down 

Left gastric and left gastro-epiploic vessels divided , entii e uppei half of stomach brought 
up in a subcutaneous channel in anterior chest wall and lower esophageal end brought 
out through a small incision opposite nipple 
4/14/41 — First stage skin-tube plastic 
6/5/41 — Second-stage skin-tube plastic 

7/30/41 — Celiotomy Heineke-Mikulicz pyloroplasty to overcome persistent pyloro- 
spasm due to lack of vagus function and unopposed sympathetic action 
8/30/41 — Third-stage skin-tube plastic 

Result Remains well Eats liberal diet of soft solid food No delaj in ante- 
thoracic esophagus (See Figures 4 and 5 foi photographs of completed external 
esophagus) 

Case 7 — P M H No 41 900 Admitted 6/8/41 Adenocaicinoma arising m 
aberrant gastric mucosa, lower portion of middle half of esophagus Dvsphagia seven 
months Twenty-five pounds weight-loss General condition good 

6/20/41 — Transpleural esophagectomy (left side approach) Resection 8th rib, 
division of ribs 7, 6, 5, 4 Growth too high for esophagogastrostomy Esophagus 
divided at cardiac orifice Inversion by suture Proximal esophagus with growth de- 
livered through cervical invision Both vagi cut because of adherence to growth Upper 
stoma brought out well below' clavicle 

6/28/41 — Beck-Jianu gastrostomy Good swallowing ability by using rubber tube 
connection 

9/10/41 — First-stage skin-tube plastic Developed a vii dent lobar pneumonia Sulfa- 
thiazole treatment failed 

9/20/41 — Died Autopsy showed no evidence of malignant disease 

Comment No preliminary gasti ostomy in this case because it was thought 
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before opeiation to be one foi lesection follo\\ed by an esophagogastnc anat>- 
tomosis The phn of opeiation had to be changed \\hen the growth was 
found, on exploiation, to be too high to allows an anastomosis to be done 
Case 8 — M G H No 37517 Male, age 72 Admitted 7/29/41 Epidermoid cai- 
cinoma, Grade III, opposite hiluir of lung Dysphagia one month Ten pounds weight- 
loss General condition exceptionally good for age No demonstiable metastases 

8/18/41 — Beck-Jianu gastrostomy Long tube constructed Upper abdomen ex- 
plored, no metastases found 

9/8/41 — Transpleural esophagectomy (left side approach) Resection 8th nb Di- 
vision ribs 7, 6, and 5 Tumor not adherent Esophagus cut just above cardia, distal 
end inverted Proximal esophagus with growth delivered through cervical incision, 
growth removed, proximal stoma two inches below clavicle 

Result Remains well Swallow's with the aid of a lubbei tube connection Re- 
fuses skin tube 

Comment One of tw'o small nonadheient growths, both patients are aln'e 
and well (Cases 6 and 8) 

Case 9 — P M H No 41 2016 Female 68 Admitted 12/11/41 Epidermoid 
carcinoma, Grade III, opposite 7th dorsal vertebra Dysphagia five months Marked 
emaciation and dehydiation No obvious metastases 

12/27/41 — Beck-Jianu gastrostomy No metastases to Inci 01 nodes below dia- 
phragm Remarkable improvement m general condition 

1/28/42 — Transpleural esophagectomy Growth densely adherent to left main 
bronchus and aorta Posterior mediastinal vein torn, could not be secured without 
lemov'al of esophagus Esophagus divided below growtli, lower stump inv'erted 
Proximal esophagus delivered through cervical incision , growth 1 emoved , uppei 
stoma below clavicle 

Result Patient died on third day, cerebial thrombosis 

Comment The accident of teaiing a postenoi mediastinal vein w'hich 
could not be controlled wnthout 1 emoving the growth forced completion of the 
operation Without this the opeiation would have been abandoned because 
ot fixation of the giowth 

CASES or TUMORS OF LOWER FOURTH OF ESOPHAGUS OR CARDIAC PORTION 
OF STOMACH (zONE III) TRANSTHORACIC APPROACH 

Case 1 — M G H No 212595 Male, age 59 Admitted li/ 7/39 Adenocar- 
cinoma, Grade II, involving cardiac portion of stomach and lower esophagus Pro- 
gressive dysphagia two years Occasional hematemesis General condition exccllen// 
No anemia Grow'th seen by esophagoscope 

11/12/39 — Transthoracic partial gastiectomy with esophagogastnc anastomosis Re- 
section 9th rib Growth small No evidence of metastases End-to-side anastomosis, 
with silk Catheter drainage of chest Recov'ery uneventful 

Result Remains well , works steadily No functional difficulty now, but noticed 
regurgitation first few months especially while in dorsal recumbent position 

Coi^iMENr An unusually favoiable case with no lymph node or othei 
metastases Good result could be anticipated 

Case 2 — M G H No 255165 Female, age 59 Admitted 6/15/40 Adenocar- 
cinoma of the fundus of the stomach Anorexia three months Epigastric pain two 
weeks Anemic, emaciated Growth could not be seen through esophagoscope or 
gastroscope 

7/17/40 — Tiansthoiacic partial gastiectomy Esophagogastric anastomosis, implan- 
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tation technic Intercoastal incision 8th interspace Growth large, lymph nodes around 
left gastric vessels involved, adherent, spleen removed with growth, phrenic nerve 
crushed Catheter drainage 

Result Recovery complicated by empyema Died 11/8/40 — bilateral pneumonia 
No autopsy 

Comment This is the only case m the senes where the unsatisfactory 
method of implanting the end of the esophagus through a hole in the stomach 
wall, without layer suture, was used Transitory leakage at the anatomosis 
was held responsible for the empyema 

Case 3 — P M H No 40 1549 Male, age 55 Admitted 10/8/40 Carcinoma of 
the fundus of the stomach involving the cardia Dysphagia siv months Weight-loss, 
inanition, moderate anemia Two preliminary transfusions 
10/15/ 40 — ej unostomy — W itzel method 

10/25/40 — Transthoracic partial gastrectomy, esophagogastric anastomosis Inter- 
costal incision, gth interspace Division of 8th rib Phrenic nerve crushed Tumor 
large and adherent Many lymph nodes involved CarefuTlayer suture, end-to-side, 
with silk No dram Uneventful recoveiy 

Result Excellent immediate improvement No swallowing difficulty Gained 
weight One year later, October, 1941, began to lose appetite, weight, and strength 
Died two months latei Autopsy revealed extensive metastases to liver and abdomen, 
local recurrence as well 

Comment Good palliation of one year’s duration, size and fixation of 
growth plus lymph node metastases made cure improbable 

Case 4 — lil G H No 270238 Male, age 40 Admitted 10/2^/40 Carcinoma 

of entire upper two-thirds of stomach Vomiting, anorexia, weight-loss, three months’ 

duration Emaciation , anemia Gastroscopy failed to visualize tumor Peritoneoscopy 
showed no metastases 

1 1/9/40 — Transthoracic upper abdominal exploration Large carcinoma invading 
retroperitoneal tissues , firmly fixed , inoperable 

Recovery uncomplicated Discharged in two weeks Died at home 
Case 5 — M G H No 273238 Male, age 68 Admitted 10/28/40 Adenocar- 
cinoma of the cardiac portion of the stomach Fatigue one year Massive hematemesis, 

three weeks Marked anemia , serum protein 4 9% , poor general condition Polypoid 
growth seen by esophagoscope and gastroscope Peritoneoscopy No metastases seen 
Transfused several times 

11/29/40 — Transthoracic partial gastrectomy, esophagogastrostomy Resection 9th 
rib Large tumor, not adherent, nodes negative End-to-side layer suture with silk 
No drain Phrenic nerve crushed 

12/17/40 — Resection 6th rib left side for drainage of postoperative empyema No 
fistula Culture Staphylococcus auieas and nonhemolytic streptococcus 

Result Empyema healed promptly Patient remains well Swallows without dif- 
ficulty Roentgenogi ams show slight delay at pylorus 

Comment One of three cases complicated by empyema 
Case 6 — M G H No 279061 Female, age 50 Admitted 11/27/40 Spindle cell 
sarcoma, fundus of stomach One and one-half years of recurring hematemesis , fatigue , 
loss of strength Mild anemia Condition good Tumor readily visualized through 
gastroscope 

12/11/40 — Transthoracic excision of the tumor Resection 9th rib Phrenic nerve 
crushed Tumor size of fist, m fundus Local excision performed — ^fundusectomy Silk 
Result Recovery uncomplicated Alive and well 

Comment One of two cases of relatively benign tumors of the fibroma- 
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sarcoma gioup removed by local excision 

Oase 7 — P M H No 40 1862 Male, age 62 Admitted 11/27/40 Adenocar- 
cinoma of cardia and fundus Infrascapular pain, anorexia, loss of weight, for two months 
Emaciated, anemic Peritoneoscopy showed the tumor, no metastases obvious 

12/18/40 — Exploratory thoracocehotomy Resection pth rib Small amount of fluid 
m chest Growth involved entire upper half of stomach and part of esophagus, firmly 
fixed posteriorly , many involved nodes , no other metastases Deemed inoperable , chest 
closed No drain 

Result Prompt healing of wound Patient discharged at end of three weeks to 
nursing home, where he subsequently died of his disease 

Case 8 — P M H No 41 roo Male, age 72 Admitted 1/22/41 Negative explora- 
tion History of attacks of hiccough, epigastric distress and “dyspepsia” Well nour- 
ished, rather poor surgical risk Roentgenograms showed apparent carcinoma at cardia 
Esophagoscopic and gastroscopic examinations equivocal 

2/1/41 — Transthoracic exploration of upper abdomen No evidence of tumor or 
any other disease found 

Result Recovery complicated by an attack of pulmonary edema Discharged 15th 
day Is living and well 

Comment Esophagoscopic and gastroscopic examinations were incon- 
clusive Too much reliance was placed on two roentgenologic examinations, 
both of which weie thought to show caicinoma 

Oase 9 — M G H No 94953 Female, age 67 Admitted 1/28/41 Epidermoid 
carcinoma. Grade III, of lower esophagus just above cardia Dysphagia, 4-5 months , 
anorexia, weight loss Emaciated, artei losclerotic No demonstrable evidence of 
metastases 

2/18/41 — ^Transthoracic resection of lower esophagus and cardiac portion of 
stomach Resection 9th rib Lung very adherent , growth movable End to-side 
esophagogastric anastomosis , silk Catheter drainage of chest 

Result Recovery complicated by acute parotitis, otherwise normal Good function 
of stoma No stenosis (x-ray) Remains well, with no suggestions of recurrence 
Comment Because of patient’s age and history of carcinoma of sigmoid, 
lesected in 1929, small margins of normal tissue above and below growth 
were allowed so as to make an anastomosis possible 

Case 10 — M G H No 294086 Admitted 3/21/41 Carcinoma of stomach in- 
vading lower esophagus Gradually increasing dysphagia and weakness, one year 
Anemic and poorly nourished 

4/2/41 — Transthoracic total gastrectomjq splenectomy, and partial pancreatectomy 
Resection loth rib Phrenic nerve crushed No evidence of metastases Growth large, 
involved almost entire stomach including abdominal esophagus , fixation to spleen and 
pancreas Resection through lower esophagus and duodenum , spleen and tip of pancreas 
removed en bloc with stomach and adjacent lymph nodes Duodenum inverted easily 
End-to-side anastomosis of esophagus to upper jejunal loop, silk, two layers, jejunum 
suspended to crura of diaphragm, entero-enterostomy between two arms of jejunal 
loop Catheter diainage of chest 

Result Developed empyema and acute pericarditis Autopsy revealed evidence of 
leakage at suture line 

Comment The anastomosis was completed undei too great tension 
Oase 11 — M G H No 226S34 Male, age 49 Admitted 4/24/41 Carcinoma 
of the cardiac portion of stomach involving the lower esophagus Postprandial sub- 
sternal pain, SIX months Thin, emaciated No demonstrable metastases Esophagoscopj 
and gastroscopy revealed no evidence of tumor 
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S/2I41 — Jejunostoiny foi feeding Uppei abdomen explored No mttastases except 
to lymph nodes Tumor sunounded cardia and involved abdominal portion of esophagus, 
extending to antium on lesser cuivatuie 

5 / 13/41 — Transthoracic partial gastrectomv Resection of 9th nb, division of 
8 th nb Phienic neive ciiished Giowth adhcient to base of transveise mesocolon, pait 
of which was excised Laige segment of stomach removed leaving gi eater curvature 
long Esophagus divided i inch above level of diaphragm End-to-sidc esophagogastric 
anastomosis, three la3'ers, silk Cathetei drainage of chest 

Result Uncomplicated convalescence Functional result good No stricture (xray) 
Tiansitory delay at p3dorus lasting a few weeks Remains ahv'e and well 

Case 12 — M G H No 300779 Male, age 43 Admitted 5/21/41 Carcinoma of 
stomach (signet-iing type) involving low'er esophagus and lesser cuiv'ature to pylorus 
Epigastric pain ten months Anorexia five weeks General condition and state of 
nutrition good No anemia Giowth seen bv gastroscop3’^ 

6/10/41 — Fust stage of tw^o-stage tiansthoracic gasti ectom3’’ Proximal jejunal 
loop transected , end of distal poi tioii iiivci ted , proximal end anastomosed to the distal 
portion 12 inches below mveited end which was pushed info the lesser omental sac 
behind the stomach thiough an opening at the base of the tiansveise mesocolon Cath- 
etei jejunostoniy below anastomosis 

6/25/41 — Tiansthoiacic approach to stomach Giowth found too extensive to 
lemove Jejunal stump veiy adheient, tunioi found in its mesenteij Operation 
abandoned 

Result Uneventful recoveiy Patient discbaiged home on 14th day 
Case 13 — P M H No 41 1050 Male, age 52 Admitted 6/26/41 Carcinoma of 
caidiac portion of stomach invading lower esophagus Pam in left lower chest, two 
3'ears Occasional hematemesis, one 3'eai Thin but in reasonably good condition No 
demonstrable metastases 

7/7/41 — Transthoracic subtotal gastrectomv Resection 9th rib Left chest negative 
Phienic nerve crushed Growth not adherent Esophagus sectioned 2)4 inches above 
cardia Stomach cut obliquelj’’, removing lesser curvature but leaving greater curvature 
End-to-side esophagogastric anastomosis, three layers, silk Fiv^e giams sulfanilamide in- 
seited m upper abdomen and fiv'e in left pleural cavitj^ No drain 

Result Immediate recovery excellent Next dav developed auricular flutter which 
failed to respond to treatment , developed pulmonary and cerebral edema , died third 
day after operation 

Comment No lymph nodes on specimen showed disease 
Oase 14 — M G H No 318650 Male, age 44 Admitted 8/29/41 Adenocarcinoma 
of lovv'er esophagus and cardiac orifice. Grade III Substernal distress after deglutition, 
three months Good state of nutrition No demonstrable metastases 

9/17/41 — Transthoracic resection of lovv^er esophagus and cardia Resection 9th 
nb Phrenic nerve crushed Esophagus divided two inches above growth , pathologist 
found tumor in cut edge, new lev^el opposite inferior pulmonarj’’ v'em chosen Stomach 
cut across obliquely vv'ell below cardia, Ijnnph nodes near left gastric artery removed 
End-to-side esophagogastric anastomosis, two laj'eis, silk Four grams of sulfanilamide 
left near suture line Catheter drainage of chest 

Result Good early recovery No leakage of suture line, excellent function with 
no stenosis Developed small encapsulated empv'ema 

10/15/41 — Rib resection for drainage of empvenTi Uneventful recoverj’’ Wounds 
healed Remains well Woiking 

Comment This case illustrates the fact that there is often considerable 
growth of tumoi in the submucosal and muscular coats of the esophageal 
wall and selves to emphasize the necessity for allowing a wide margin of 
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appal ently noimal tissue beyond the obvious edge of the tumoi (Sec also 
Case 3 of the Zone II senes — niidesophagiis — wheie theie was a lecunence 
of disease in the lowei esophageal stoma) 

Case 15 — M G H No 319590 Male, age 54 Admitted 9/4/41 Adenocarcinoma of 
lesser curvature and cardia invading lower esophagus, Grade III Regurgitation of food, 
three months Marked loss of weight General condition fair, nutritional state de- 
pleted 

9/12/41 — Transthoracic partial gastrectomy and splenectomy Resection loth rih 
Phrenic nerve crushed No metastases in chest or abdomen except lymph nodes near 
the growth which was large and adherent to the spleen En bloc removal of spleen 
with upper half of stomach and lower two inches of esophagus End-to-side esophago- 
gastric anastomosis, two layers, silk Four grams of sulfanilamide m chest Catheter 
drainage 

Result Good lecovery Uneventful convalescence No complications Function of 
anastomosis excellent, no stenosis (x-ray) Remains well 
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RECENT EXPERIENCES WITH THROMBOPHLEBITIS OF THE 
LOWER EXTREMITY AND PULMONARY EMBOLISM* 
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Bostox, Mass 

FROM THL SURGICAL SFRMCE BUTII ISRAEI HOSPITAI 
AND THE DEPr OF SURGERY HARVARD MEDICA.L SCHOOL BOSTON MASS 

A STUDY or staiistical data in the lecent literature on thrombophlebitis 
and pulmonary embolism shows (i) that approximately one of every 17 to 
20 persons with clinically recognizable thrombophlebitis of the deep veins of 
the lower extremity will die of embolism, and (2) that one person of every 
6 to 12 who have survived one or more attacks of embolism will die of a sub- 
sequent embolus, -- ^ Since the great majority of pulmonary emboli, except 
those of cardiac origin, have been shown to aiise in the deep veins of the 
lower extremity,'*’ ® a direct attack upon the site of origin is possible 

The use of heparin has certain obvious disadvantages Since there are 
no reliable eai marks by which to identify individuals susceptible to throm- 
bosis, the routine use of heparin for successful prophylaxis against thi ombosis 
would make the tiouble and expense involved prohibitive Its use for pro- 
phylaxis against embolism m patients with recognizable thrombosis or with 
evidence of nonfatal embolism may have real A'^alue But heparin will not 
dissolve a thrombus, so that when it is discontinued, a propagating clot may 
form at the site of the thrombus or a new thrombus may form (Cases 2 
and 10, Vida tnfia) There is no way of knowing when it may be discon- 
tinued safely Bleeding or hematoma formation at the site of operation and 
elsewhere may result from its use 

Other effective technics are, theiefoie, urgently called for Homans and, 
after him, several others®’*”’**’*- divided the femoial vein as a prophylactic 
measure against embolism in isolated instances of thrombophlebitis of the 
lower leg This procedure has not acquired the vogue which ive believe it 
deserves In a first series of patients so treated, we observed, in agreement 
with Homans, that (i) embolism did not occur, and (2) the phlebitic process 
in the leg subsided — in some instances at a remarkable rate Pam decreased 
or disappeared in a day or two, and edema, when present, frequently began 
to subside more quickly than might be expected The result was quite 
analogous to that obtained by novocain block of the paravertebral sympa- 
thetic trunk,*^ and was presumed to be due to a similar mechanism, i e , the 
breaking of a reflex arc producing vasospasm, with its undesirable sequelae 

Our experience with a second group of patients, who were studied ivith 
the aid of the venographic technic of Bauer,*^ is the subject of this report 

* Read before the American Surgical Association, Cleveland, Ohio, April 6 - 8 , 1942 

574 



Volume 116 
Number 4 


THROMBOPHLEBITIS AND EMBOLISM 


VENOGRAPHY 

The deep veins of the lowei leg ai-e readily filled by the slow injection, 
wnth a fine needle, of 20 cc of a 35 per cent solution of diodiasP* into the 
small subcutaneous vein constantly piesent on the lateral aspect of the ankle 
Any good vein on the doisum of the foot may serve if the superficial 
veins of the leg aie partially occluded by a blood pressure cuff The foot 
IS elevated on a six-inch block, and an anteroposterior roentgenogi am is 
taken at the termination of the injection (60 seconds), -with the foot rotated 



0 





Fig I — Case i The arrow indicates a probable minor fill 
ing defect, winch, together with signs of deep phlebitis, led to 
division of the femoral vein 

internally to expose the wndest space between the fibula and tibia The 
deep veins of the low’^er leg and the lowei third 01 half of the femoral 
vein will be visualized on a 14 x 17 film Increasing experience has taught 
us the impoitance of visualizing the entne femoral vein, so that we now 
utilize a larger film The pattern of the deep veins vanes considerabl} in 
different individuals, but, in geneial, there aie two mam trunks joining to 
form the popliteal, which continues as the fenioial into the groin (Fig ii) 

* We are grateful to the Wmthrop Chemical Co for a generous supply of this 
material 


575 



FINE, FRANK AND STARR of surger) 

October 19-)2 

A varying numbei of blanches of the supeificial system, induding the per- 
forators, also appeal, and they aie of much nairowei diameter than the 
deep veins Since thiomhosis is fiequently piesent in an apparently un- 
mvolved side, bilateral venography is geneially indicated 

Filling defects in veins are of two types Those due to venospasm alone , 
and those due to partial or complete occlusion by thrombosis or clot Pre- 
sumably the two may coexist, but we have recently obtained evidence, 
to be presented elsewheie, that a uniform narrowing or a complete absence 
of filling of part or the whole of one or more venous trunks can be due to 
pure venospasm A reliable differentiation between the two processes awaits 
the development of an effective and simple technic to relax venospasm during 
roentgenography, so that the diagnosis of thrombophlebitis will be possible 
on the basis of structural filling defects only Until such a method becomes 
available, we believe it wise to regard all filling defects as evidence of throm- 
bophlebitis if infarction has occurred or if the signs and symptoms are 
suggestive The venographic evidence of thrombophlebitis presented in 
this paper should, therefore, be interpreted in the light of these considerations 
When deep phlebitis is present, the small vein at the ankle will be tense 
and distended if the phlebitic piocess is at all developed Resistance to flovi 
will then be encountered, and a vaiying degree of absence of filling of the 
deep veins will be observed in the film In this situation the superficial 
veins will be more completely outlined The veins in the groin and pelvis 
can be visualized by injection of the internal saphenous vein in the thigh 
with a 50 or 75 per cent solution of diodrast 

The circumstances in which the venogram serves a useful purpose are 
classified under five headings ( i ) In thrombophlebitis of the lower leg, to 
lobserve the proximal limit of the propagating clot, (2) when, in the 
absence of local signs, a patient complains of pain m the legs before or 
after becoming ambulatory following operation or prolonged illness, to con- 
firm or dispel the suspicion of phlebitis which should always arise, (3) in 
iliofemoral thrombophlebitis, to deteimine the proximal extension of the 
clot or thrombus, (4) in chronic ulcer of the lower leg, when the phlebitic 
origin of the ulcer is not assuied, and (5) in varicose ulcer, to determine 
the location and number of incompetent perforators at its base and in 
superficial thrombophlebitis, to deteimine the presence of concurrent deep 
phlebitis These conditions will be discussed in the order named 

V — THROMBOPHLEBITIS OF THE DEEP VEINS OF THE LOWER LEG 

In a previous report^ routine division of the femoral vein was recom- 
mended m all patients known to have or suspected of having thrombophlebitis 
of the deep veins of the lower leg This conclusion was derived from the 
fact ( I ) that there was no reliable guidepost by which to predict whether 
or not an embolus w^ould occui , (2) that the incidence, morbidity and 
mortality from emboli were fai greater than is generall}’’ realized'^ ’ *■ 

Since a dependable venographic technic has become available, we no longer 
divide the femoral vein on the basis of suspicion, but ahvays if the signs and 
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symptoms aie obvious oi if a filling defect is demonstiable in the ^enoglam 

Examples of loutine piocedme aie illnstiated in the following six cases 

Case 1 — A female, age 32, one week aftei the birth of hci second clnld, developed 
fevei and pain m the right calf The following daj’’, examination showed tenderness in 
the right calf and fevei peisisted There was no cyanosis, edema, ischemia 01 tem- 
perature change as compaied w'lth the opposite side Venography showed a filling 
defect m one of the deep veins m the calf (Fig i) Immediate division of the common 
femoral vein was performed Fever disappeared promptly theieaftei , pain subsided 
on the 3rd postoperative day, and she was allowed out of bed She remained symptom 
free Four weeks later she showed only the faintest degree of ankle edema, w'hich 
disappeaied completely after eight weeks 

Comment Although the venogiam in this instance showed only a mmoi 
filling defect, the pain and tenderness w^eie so outspoken as to leave no doubt 
of the diagnosis We, theiefoie, regaided the risk of femoral vein division 
outw^eighed by the iisk of embolus The additional advantage of a shoit 
convalescence w^as a secoiidaiy consideration Accoiding to Ochsnei and 
DeBakey,^" a shortened convalescence is also achieved by paiavertebral novo- 
cain block, but this technic does not, w^e feel, piovide piotection against the 
dischaige of an embolus 

Case 2 — A male, age 29, complained of pain m the right calf on the tenth day 
after repair of an umbilical hernia elsewhere The pam increased 111 intensity, and 
on the 14th day it had spread to the groin The entire leg w^as swollen On the 15th 
day he developed cough, fevei and pain in the left anterior chest Intravenous heparin 
W'as given for foui hours, twnce daily, for seven days The pulmonary signs cleared 
after five days of heparin therapy, but the leg remained painful for another 17 days 
Swelling gradually subsided but recuried on the 36th postoperative day, W'hen the 
patient got out of bed He leturned to bed at home for three weeks 

Two days aftei getting up, pain and sw'clhng appeared in the left calf He 
entered the Beth Isiael Hospital three days later On entry he had mild fever 
Both low'er legs w'ere edematous, the left more than the right The calf of the left 
leg was extremely tense and exquisitely tender on pressure, and Homans’ sign w'as 
positive There was no involvement of the veins of the thigh on the left side 
Bilateral venogiaphy showed complete absence of filling of the deep veins of the 
low'er legs On the left side, the femoial vein w'as patent (Fig 2) Accoidingl>, 
a diagnosis was made of subsiding thrombophlebitis of the deep veins of the entire 
right leg and acute thi ombophlebitis of the deep veins of the left low^ei leg The 
left common femoral vein, which w'as found to be free of clot 01 inflammation, w'as 
divided Pam rapidly subsided, the tension in the calf decreased and the patient was 
able to w’alk on the 4th postoperative da}' Within a w'cek he w'as fully ambulatory, 
and sw'elhng of the left leg decreased rapidly Seven months later the left leg was 
normal The right leg was still edematous , the right ankle show cd degenerative 
changes in the skin, and an aiea of increased w'armth w'as present in the lower third 
of this leg 

Comment This patient had iliofemoial (and lower leg) thrombophlebitis 
on the right side The impression that this condition does not in\ol\e a 
serious nsk of embolism is not home out in this and in othei instances to 
W'hich we shall lefei later The edema on the unopeiated light side persisted 

577 



FINE, FRANK AND STARR 


\nnaK of S^If,er^ 
Oitober l‘M2 


long aftei that on the opeiated left side piesuinably because of the more 
\\idespiead involvement of the veins on the light side Heparin did not 
pi event the onset of thiomhosis on the left side 



Tig 2 — Case 2 A Right \enogram showing complete absence of filling of the 
deep \eins of the lower leg B Left \enogram The deep \eins of the lo«er leg arc 
not filled, blit the femoral \cin is patent 


Case 3 — A male, age 36, complained of pain m the right shoulder and chest 
the day after removal of a plaster encasement, which had been applied to the left leg 
two weeks earlier for a fiactured fifth metatarsal He entered the hospital a week 
later, with a diagnosis of subsiding pulmonary infarct at tbe right base, and throm- 
bophlebitis of the deep veins in the left lower leg Examination revealed fever, a 
resolving consolidation in the right lower lobe and tenderness on pressuie over the 
calf of the left leg w'hich was very slightly swollen Homans sign was positive Bilateral 
venography revealed normal veins on the right, but complete absence of filling of the 
deep veins on the left The left femoral vein, exposed under local anesthesia, like the 
artery, developed a marked spasm No clot or thrombus was present The vein was 
divided between ligatures caudal to the entrance of the profunda Tenderness rapidlv 
disappeared Chest pain subsided by the 4th postoperative day, when he was allow'ed 
out of bed Slight edema of the lower half of left leg w^as present He w'as discharged 
from the hospital on the 7th postoperative day, capable of normal activity Four months 
later the leg looked entirely normal 

Comment The undue persistence of pain and edema aftei sprains and 
fractures of the lower extremity will not infrequently be shown by venography 
to be due to phlebitis of the deep Ai^eins The relatively high incidence of 
pulmonary embolism in major fractures of the lowei extiemities makes it 
woith Avhile to have particular legard foi signs of phlebitis in all such 
individuals 
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Case 4 — A female, age 44 , diabetic, complained of tuideinesi> m the right t.ih 
thitc day*) after a panhvstercctomv and bilatcial salpmgo-oophoiettonn Homans’ sign 
was positive A nght venogiam was intcrpicted as showing carh thiombosis without 
complete occlusion of the lumen The right femoral vein w’as immediateh dnided 
below the entiance of the saphenous vein No inflammatory jnoccss w*as jiiesent m 01 


Fig 3 



Fic 4 

Fig 3 — Case s A Right venogram Incomplete filling of deep veins of leg H 
Left venogiam Absence of filling of deep veins of lower leg Femoral vein fills 
norniallj 

Fig 4 — Case s Normal filling of the ilnc veins nine dajs after division of both 
common femoral veins 


near these structures and the lumen of the vein did not contain a clot Edema of 
the ankle appeared and persisted, and some pam continued m the right leg She was 
discharged ten days after division of the vein Fi\e months latei she had edema onh 
if she w'alked without an elastic support She had slight pain and tenderness, just 
below the inner aspect of the knee, which w'as probablj due to foot strain 

Case 5 — ^A male, age 75, wutb gencralired arteriosclerosis, hypertension and pul- 
monary emphysema, w'as out of bed on the 7th da\ after the second stage of a supra- 
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pubic prostatectomy He started to walk on the 12th postoperative day That evening 
the white blood count rose to 14,000 The next afternoon he became dyspneic, felt pain 
m the chest and showed congestion and multiple areas of increased density m the lower 
lung fields Infaiction was suspected Theie was edema of both legs, more on the 
light, and moderate tenderness of tlie light calf Bilateial venogiams showed incomplete 
filling of the deep veins of both lowei legs (Fig 3) Bilateial common femoral vein 
division was done the same evening No clot was found at the level of division The 
next morning he felt better, and became afebrile The dyspnea, chest pain and tender- 
ness in the right calf disappeared He was out of bed on the second day after \ein 
division At the time of discharge the edema was much less than at the time of vein 
division Bilateral pelvic venograms were taken through the saphenous vein, nine 
davs after division of the common femoral veins These show'ed normal filling above 
the site of division (Fig 4) 



Tic s — Cise 6 Bilateral incomplete filling of deep \eins of the lower leg Both 
femoral veins are well outlined 


Case 6 — A male, age 58, was ambulatory on the 17th day after a perineal pros- 
tatectomy On the 19th day he complained of bilateral calf pain Homans’ sign was 
positive in the left leg, the calf of which was tender on pressure No other signs of 
thrombophlebitis w'ere observed Venography was recommended but was not done until 
two days later, when, shoitly after getting out of bed, the calf pain increased on both 
sides The venograms showed bilateral lower leg thrombophlebitis (Fig 5) The 
followung day the patient developed fever and pleuritic pain in the lower right chest, 
which showed rales and bronchial breathing A roentgenogram showed infarction of 
the right lower lobe That evening both common femoral veins were exposed under 
local anesthesia They were free of clot or inflammation, and w'ere divided between 
ligatures Five days later the fever disappeared, and seven days later, when he was 
allowed out of bed, a roentgenogram of the chest showed almost complete clearing 
of the lung Edema of both legs increased and reached a maximum after six months, 
at which time the patient reported that he had no complaints except a slightly heavy 
feeling in both legs 
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Comment The inciease in the edema aftei division of the fenioial ^em 


was piobably due to postoperative inciease in the extent of the ihiombosis 
That It may have been due to failure to mteriupt the vasospastic reflex aic 
IS possible 

The existence of a vasospastic leflex aic, which is bioken by the operative 
pioceduie, is strongly suggested by the lessening oi complete disappeaiance 
of edema in most instances of thrombophlebitis in the deep veins shoitly aftei 
division of the femoial vein The piomptness wuth wdiich it occuis has led 
us, as w^ell as Homans,*^ and Welch and Faxon/® to perform ligation of the 
saphenous vein in the fossa ovahs foi painful phlebitis of the supeificial 
system, wnth giatifymg lesults m iieaily every instance In two patients who 
had extensive thiombophlebitis of the saphenous vein, w'lth pain and swelling 
unabated for foui and eight weeks of 


bed rest, lespectively, division of the 
vein 111 the groin lesulted in piompt 
lelief of symptoms and lestoiation to 
full activity within thiee days Two 
othei patients aftei a w^eek of con- 
tinuous pam below^ and above the 
knee fiom an acute phlebitis of the 
internal saphenous w^eie up and walk- 
ing in entile comfoit on the day 
aftei division of the vein m tlie 
gi oin 

Formeily, legaided division of 
the femoial vein below piefeiable to 
division above the vena piofunda, be- 
cause the lattei w^as i egai ded as a lai ge, 
useful collateial foi venous letuin We 



now consider the common femoial the RikIu \cnofrnm I'len 

fiuestionable normal filling of tin. deep \cins ol tlu 
moie desiiable site for the following lower leg B Left \enogram The deep veins of the 

° lower leg do not fill 

leasons (i) A substantial number 

of thiomboses occui in the piofunda system, (2) the evidence foi thiombosi'; 
m this system is not leadily detectable clinically, 01 even with the aid of 
venogiaphy, except wdien the thiombosis is found at opeiation to ha\e reached 
the mouth of the vein, and (3) significant postopeiative edema cannot be 
showm to lesult fiom division of the femoial vein at any level, w'hile dnisioii 
at the higher level is technically easiei to peiform 

The daiigei of ovei looking the vena piofunda is illustrated in the fol- 
lowing cases 


Case 7 — A male, age 53, was subjected to lammectoniv for rcmoial of an epidural 
fat pad compressing the spinal coid -^mong othci symptoms he had anesthesia to 
pain m the innei aspect of the thighs and lower abdomen On the 4th postoperatne 
day the temperature rose to 102° F Examination of the lower legs for phlebitis was 
completeh negative Twenty hours later he suddenly became cjanotic and djspneic, 
and death followed shortly thereafter Postmorten examination rciealcd a massne 
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pulmonaiy embolus aiising fiom the right vena profunda, winch contained a thrombus 
extending proximally into the iliac leins The deep system below the vena profunda 
was not involved 

Fir 7 □ 



1 IG 8 

Tir 7 — Case S A Deficient filling of one bniicli of the deep leins in the right 
loivei leg B Normal venogram of the left iliac veins 

Tig 8 — Case 8 A The right iliac and femoral veins above the site of division of 
the latter are well filled B The arrow points to a filling defect in the left femoial 
vein above the site of division 


Case 8 — A male, age 6o, had an unev^entful convalescence following repair of a 
recurrent inguinal hernia until the nth day, when he complained of pain and tenderness 
in the left calf There was no swelling, fever or leukocjtosis He was allowed up in a 
chair two daj^s later, although still complaining of left calf pain and tenderness A 
positn^e Homans’ sign was elicited Venography showed a filling defect of the deep 
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veins below the femoral on the left side, a questionably noimal pattern on the right 
side (Fig 6) That night the patient experienced right chest pain and showed physical 
signs and roentgenographic evidence of pulmonarv infarction The next morning, 
the 14th postoperative day, the venogram of the left leg w^as repeated The presious 
filling defect in the left leg w'as again disclosed, and the left femoral \e!n bcloxK’ 
the p) of undo was divided No thiombus or clot w'as seen Occasional hemoptjsis and 
signs of pleural effusion developed during the follownng w’eek and mild fever persisted, 
but he was allowed m a chair on the gth daj' after vein division On the iith da^ he 
suffered an attack of seveie chest pain and cyanosis A venogram of the left common 
femoral and iliac vessels showed no filling defect, but partial thrombosis of one \enous 
tiiink III the right lower leg was found (Fig 7), although there w'as no clinical c\i- 
dence of phlebitis in this leg and the femoral vein filled well The right femoral ^cm 
bcloiv the piojunda was divided No thrombus or clot was found at this le\el The 
patient, however, continued ill wnth fever foi 21 dajs, w’hcn he developed moic fceei, 
chest pam, dvspnea and signs consistent wnth a new pulmonarj infarct A normal ilio- 
femoral \ein, above the level of division on the right, was demonstrated b\ \enograpln, 
but a filling defect m the left common femoral above the site of division was found 
(Fig 8) Giadually iccovery ensued Painless swelling of the entire left leg appealed, 
but W’as not lelieved by paravertebral novocain block Seven months later he was back 
at w’oik w’lthout disability, except for slight sw'elling of the left foot 

Comment This is an instance of failure to pi event embolism aftei bi- 
lateral division of the femoial vein below the piofunda Extension of a clot 
from the lattei vein into the ihofemoial vein may explain the failiiie to pie- 
vent embolism In another case, not described here, had a similar ex- 

perience It was subsequent to these cases that we abandoned division below 
in favoi of division above the piofunda Nevertheless, in the follow'ing case 
embolism occuired following bilateral division of the common femoral vein 

Case 9 — A male, age 8r, with coronary sclerosis, emphysema, severe secondary 
anemia, hypertension, an inguinal hernia, and a sigmoid carcinoma for 18 months, wms 
submitted to cecostomy for acute obstruction of the colon Immediate postoperative con- 
valescence was satisfactory, but an unexplained vague discomfort in the chest and rest- 
lessness persisted He was out of bed on the 7th postoperative day, but the chest dis- 
comfort and general debility did not improve A w'eek later there was clear evidence, 
confirmed by venograms, of bilateral lower leg thrombophlebitis Bilateral division 
of the common femoral vein was done These veins were free of clot or inflammation 
Death followed 20 hours later Autopsy revealed fresh antemortem clot abo\e the 
site of vein division on the right side, and fresh antemortem clot below' the site of 
\ein division on both sides In the deep veins of both lower legs a relatneh old 
fibrosing thrombotic pioccss w’as found The lungs showed multiple old jnilmoiurj 
emboli and a ficsh antemoitcm clot straddling the primary duision of each mam pul- 
monaiy aitciy 

Comment The piesumption is that this patient succumbed to a final 
embolus fiom a fiesh clot wdiich had foimed m the light iliac ^em subsequent 
to division of the right common femoial 

Case 10 — (Quoted In permission of Dr Louis Hernianson) A male, age 34, weigh- 
ing 264 pounds, developed a bilateral lower lobe pulmonarv complication the daj after 
cholecystectomj for cholelithiasis On the 4th day he felt vagueh uneasv in the chest 
and had right calf pain A right venogram showed a filling defect ot the deep veins 
up to the knee The right femoral vein, which was free of clot or thrombu': was 
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divided below the profunda Fever peisisted, but he was allowed up on the 12th da)' 
On the 15th day he went into collapse and showed the signs and symptoms of massive 
pulmonary embolus A left venogram showed a filling defect of the deep veins up to 
the knee (Fig 9) The left femoral vein, which was free of clot or thrombus, was 
divided above the piofunda Mild edema of both legs was now evident Slight fever 
persisted, but he was allowed up again on the 26th day, when he had another massive 
pulmonary embolus, with collapse, cyanosis and fall in blood pressure Heparin was 
started immediately Venogiaphy showed a filling defect in the right iliac vein, and 
a normal left iliac vein Ligation of the right iliac \ein was recommended but refused 
Heparin was continued for IQ days, until the 45th day, when it was discontinued, and 
he was again allowed out of bed A third massive pulmonary embolus occurred two 
days later (47th day) At the same time, vasospastic arterial occlusion occurred in 
the right upper and lowei extremities Return of blood flow was satisfactory 111 the 
right uppei extremity a week later, and the cold blue right leg improved after three 
para\ ertebral novocain injections 



I'lC 9 — C^«e 10 A The filling defect m the deep \eins of the right leg ln^olves 
the lower end of the femoral tein (at the arrow) B The deep reins of the left leg 
do not fill 


After each attack of embolism fe\ei rose to 104° F Between attacks it varied from 
normal to 101° F On the 63rd postoperative day, when fever increased, and rales in 
the right base and right pleural pain developed, venography of the iliac vessels was 
repeated The left iliac vein showed a number of small filling defects, the right was 
not visualized owing to thrombosis of the nght saphenous vein The iliac veins 
were exposed transperitoneally The left contained thrombus up to the entrance of the 
hypogastric vein, the right was sui rounded by intense inflammatory reaction and was 
occluded by firm thrombus up to its junction with the vena cava Both common iliac 
veins were ligated just below the infeiior vena cava He improved promptly, and 
continued to make a satisfactory convalescence 

Coimnent It is evident fiom this and the previous case that femoral vein 
division cannot prevent thiombosis pioximal to the site of division This 
constitutes the chief limitation of this piocedure foi effectve pioph3daxis 
against embolism But since it is an uncommon occurience ve feel justified 
in adhering to oui position that loutine division of the common femoral vein 
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IS the piocediue of choice in lo\\er leg thrombophlebitis, unless, and until 
two conditions can be satisfied (i) That there is evidence that the act of 
diMsion of the vein is pci sc, lesponsible for the development of thiombosis 
pioximal to the site of division, and (2) that pai avertebral novocain block 
01 heparinization, ajtci flu owbosis has occiiircd, can be shown to pi event 
embolism as often as \ein division 

We must emphasize that we do not deny the great therapeutic importance 
of both hepaim and noAOcain block In appropriate ciicumstances each has 
indispensable value Foi the prevention of embolism from lower leg throm- 
bophlebitis, howe\er, neither method should take precedence over division 
of the common femoral ^em 

We are aware of the fact that the majority of such patients will eventualh 
ieco\ei without suigical interference Apart fioni the rapid rehabilitation 
which vein dnision achieves in most instances deliberate failure to do so in 
an) given instance is equivalent to deliberate acceptance of the risk of em- 
bolism in preference to the risk of dnision of the common femoial ^em 

The fiequenc}' with which whollj unsuspected pulmonar) infarction or 
embolus has been found as the piimaiy cause of death is evident from a 
number of sources In three different senes of routine autopsies, studied 
by McCartne},^® Collins’’’ and Hunter, ct al ~ pulmonai} embolism was the 
primary cause of death in 2-3 per cent In 3,500 routine autopsies, Hampton 
and Castleman’’* found pulmonar) embolism the cause of death in 3-5 pei 
cent, and pulmonar) infaicts were piesent m 9 per cent Belt® found piil- 
monar) embolus the cause of death 111 6 per cent of 567 routine autopsies 
Ten per cent of these cases showed pulmonar) infaicts The two latter re- 
ports point out that the numbei of infarcts found depends on the care with 
which the seaich is made Hampton and Castleman’’’ found infarcts in 14 
per cent of a caiefull) studied group of 370 autopsies The discrepancy be- 
tween the clinical and autopsy incidence of infarction is due to the w’ldel) 
dnergent clinical pictures which infarction can produce In our own ex- 
perience, the 1 oentgenologist, too, is frequently unable to distinguish betw^een 
infarction and other pulmonar)’- pathology 

The consequences of a hands-off pohc) in cases of lower leg thrombo- 
phlebitis have been desciibed at some length b) Fine and Seais,^ but aie 
worth illustrating by an additional experience 

Case 11 — (Quoted by permission of another hospital) A female, age 60, with a 
negative past history, except for slight dyspnea on exertion and a ligation of a ^arl- 
cose left saphenous vein a year previous, entered the hospital complaining of dyspnea, 
pain in the right chest and shoulder and pain in the left calf She had been m bed at 
home for eight days before admission because of pain in the left calf, especially on 
w'alking The lungs show'ed rales and bronchial breathing at the right base, and a 

* Regardless of the condition of the patient the morbidity and mortality of this 
operation in our hands has been ml, unless the development of thrombosis proximal 
to the site of division is regarded as a complication of the operation 
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loentgenogiani showed an infarct, piesumably from phlebitis of tlie left lower leg 
The process in the lungs cleared up completely shortly after admission She became 
afebrile and apparently well Towaid the end of her stay the pain m the calf dis- 
appeared A venogram showed a filling defect m the popliteal vein Division of the 
femoral vein was considered, but an understandable difference of opinion as to the 
propriety of a lelatively untried procedure led to a conservative management of the 
case On the isth day of her stav she was digitalized She was allowed out of 
bed on the 17th day, when she suddenly went into collapse with cyanosis, fall in 
blood pressure and died in 30 minutes Autopsy revealed a massive pulmonary embolus 
plugging the pulmonary conus The heart was normal No thrombus was found 
anywhere until dissection well down into the left thigh revealed a thrombus in the 
lower end of the fcmoi al \ cm J he 1 ight leg \ cins wei c not involved 

Theie is a wiclespiead mistaken impicssion that ptilmoiiaiy embolism 
IS tistiall}' a postopeiative eomplieation which is of 110 special coneern to 



Fig 10 — Case u A the deep ^eins of the light leg filled nornialh B The deep 
M.nis of the left leg are narrow and one main trunk is npinientlj in siiasni The bones 
obscure one well filled trunk seen 111 the original film 

the piactitionei 01 the internist It is evident that thiomhophlebitis of the 
deep veins of the low'ei leg is a common disease in nonsurgical patients, and 
occiiis, not infi equently, in active, appaiently healthy individuals In Hamp- 
ton and Castleman’s senes of 370 cases of ptilmonaiy embolism and infarc- 
tion only 40 per cent w^ere postoperative, 30 pei cent w^ere of cardiac origin, 
and 30 pel cent cvere neither In Belt’s series of 56 cases of embolism onlj’^ 
16 followed surgery, and 40 occurred in nonsurgical conditions Similar 
evidence is available from other sources 

B — PAIN IN THE CALF ON FIRST BECOMING AMBULATORY AFTER 
OPERATION OR PROLONGED ILLNESS 

This IS a common complaint which is frequently ignored, especially when 
there are no concurrent objective signs to explain the cause of the pain 
Occasionally such individuals succumb to a massive pulmonary embolus be- 

586 


■\ olumc lie 
?« umber 4 


THROMBOPHLEBITIS AND EMBOLISM 


foie 01 aftei leaving the hospital The possibility of thrombophlebitis in 
the deep veins of the lowei extiemity should always be suspected and the 
diagnosis pioved oi excluded by doing a bilateral venogiam 

Case 12 — A. female, age 50, developed atelectasis m the light lower lobe two 
daAs after resection of the sigmoid for caicinoma The piocess in the chest cleared 
by the nth daj Abdominal wound sepsis also developed, but steadily improved, so that 
she w'as allow^ed up on the i8th postopei ative day Two days later she complained 
ol pam in the left calf Calf tenderness w^as minimal , there w'as no increased heat, 
edema or cyanosis, and Homans’ sign w'as negative Bilateral venograms showed no 
filling defect, but one mam deep tiunk on the left w'as much narrower than normal 
(Fig 10) This might have been due to cenospasm, which at this stage of oui 
knowdedge would not w’arrant division of the femoial vein The subsequent com sc 
was unecentful 

Commeni In some six patients with a smiilai complaint the complete!} 
normal pattern of the veins allowed us to dismiss the suspicion of phlebitis 
and to dischaige the patients None de\ eloped phlebitis subsequently 

The decision foi 01 against division of the femoial vein is occasional!} 
difficult because mmoi filling defects m the venogiam may be difficult to 
evaluate 

Case 13 — A female, age 65, dc\ eloped fevei and pain in the left upper quadrant 
and in both cahes on the 5th day after a subtotal gasticctomy and splenectomy for a 
large gastric ulcer Bilateral calf tenderness w’lth no other accompanying signs of 
phlebitis was found Venograpln disclosed a small filling defect in the lower end of 
one of the deep ccins of the left leg The hesitation to pioceed m this instance was 
foliow’ed by disappearance of fevei and calf pain w'lthin 24 hours 

Comment When the signs and venogiaphic evidence aie minimal a de- 
cision to mteivene may be difficult Repeat venogiaphy, from day to day. 
can be done if necessary to foitify one’s clinical judgment 

Occasionally a patient m bed wuth a pi oti acted illness wull complain of 
pain in one or both legs, wdnch on examination seem to be entiiely norma! 
A sensory neuritis due to a nutritional deficiency is commonly assumed, but 
thiombophlebitis may be piesent Bilateial venogiaphy will establish 01 
exclude this condition 

Case 14 — A male, age 27, rctuincd to the hospital two months after resection 
of the ileum and cecum foi regional ileitis Extension of the disease to involve all 
of the colon as far as the sigmoid w-as found, and ileosigmoidostomy was perfotmed 
The postoperative couisc w'as marked by fever and diairhea Five days after opera- 
tion he began having severe bilateral calf pain Examination of the legs revealed 
nothing abnormal The fear that he might develop a pulmonary embolus from a 
possible thrombophlebitis was allayed by obtaining the venogram showm in Figure 11 

C — ILIOFEMORAL THROMBOPHLEBITIS 

In the foregoing discussion xve were primarily concerned with the thera- 
peutic problem in phlebitis confined to the veins distal to the common femoral 
and usually arising in the deep veins below the knee So-called “primary 
ihofemoial thiombophlebitis” is geneially legaided as less likely to lesnlt 
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in pnlmonaiy embolism” This, if tiue, is adequate justification to avoid 
suigical interfeience The lelative inaccessibility of the iliac veins is a 
sufficiently cogent deteiient as well In addition to several cases already 
presented, our experience in a recent study of a small gioup of patients with 
ihofemoial tin ombophlebitis leads us to question the notion that embolism 
IS a lare complication of this condition 

Numerous attempts, including oui own, to prevent embolism by the 
exti action of clots fiom these veins have been made with varying suc- 
cess This IS to be expected — ^for lemoval of the clot may be in- 

complete, 01, if the vein contains a thrombus, lefoimation and fuither ex- 
tension may veiy well occui following exti action Although ihofemoial and 
loA\er leg tin ombophlebitis aie identical m the pathologic sense,"^ the former 
constitutes a different theiapeutic pioblem chiefly because of the anatomic 
appioach and the surgical hazaid involved m attempting to shut off the site 
of origin of the embolus 

When a diagnosis of tin ombophlebitis of the lower extiemity is made, 
the piesence of tenderness in the groin or of edema of the thigh generally 
signifies the presence of clot oi thiombus at least as fai cephalad as the 
common femoral A''em Ihofemoial thrombophlebitis may, however, be 
present m the absence of edema of the thigh and in the absence of giom pain 
Since the extent of involvement of the common femoral and iliac veins cannot 
be piedicted vuth ceitainty, venogiaphy thiough the internal saphenous in 
the thigh to demonstrate the degiee of patency is woithwhile The prospect 
of a successful block above the site of the clot can thus be estimated If 
the external iliac is involved, division oi ligation above the clot or thrombus 
IS possible To accomplish this however is to undeitake a piocedure of major 
proportions It may, therefoie, not be advisable to attempt piophylaxis 
against embolism lotthiicly by ligation oi division in these individuals Ex- 
traction of a loose clot via an opening in the common femoral vein is less 
hazardous, but less likely to be successful However, since the thieat of 
death from embolism exists inteiference \\ould seem to be justified It 
\\as for this reason that we felt it woith while to exploie the rmins in the 
gioup of cases which follow 

Case 15 — A male, age 70 , five days after suprapubic cystotomy foi piostatic 
disease, developed congestive failuie which improved with digitalis and quinidine A 
roentgenogram on the 6 th dav showed an infarct m the right lower lobe It was 
not accompanied by symptoms On the 8 th postoperative day the patient felt severe pain 
in the right calf, which was tender on pressure and showed tin ombophlebitis in the 
short saphenous The long saphenous was dilated and prominent Venography showed 
complete absence of filling of the deep system of the entire leg, demonstrating the 
probable presence of iliofemoral thi ombophlebitis (Fig 12 A) From the right common 

* The distinction between thrombophlebitis and phlebothrombosis made bj”^ Ochsner 
and DeBakeyit is, m our view, one of degree rather than kind So far as embolic 
complications are concerned, we can find no reliable distinguishing features which 
would allow us to judge when and when not to administer prophylactic measures 
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femoial vein, exposed in the groin, a thiombus, 22 cm in length, which included a valve 
fiom the mouth of the piofunda, was exti acted The caudal half was led clot, the 
cephalic half was a film whitc-giay thiombus The common femoial vein was divided 
Postopei atively, the light leg began to shiink, but the left leg began to swell The 
next day calf pain and tendeiness and a positive Homans’ sign appealed in the left 
leg The cntne left leg was swollen and the left saphenous vein was distended Ven- 



]'iG II — Cnse 14 Noinnl light and left lenogiams 



Fig 12 — Case 15 A The deep veins of the left leg do not fill B The left 
femoral and external iliac veins are dilated and paitially filled with clot Collateral 
venous channels are filled 


ography of the left common femoral and external diac veins was done This showed 
marked distention of the left common femoral vein, which seemed partially filled with 
clot extending into the external iliac (Fig 12B) Collateral venous pathways were 
also visualized Exposure of the left common femoral showed marked perivenous in- 
flammation Large clots and thrombi were removed from the left external iliac vein 
The common femoral vein above the saphenous was ligated Swelling of the left leg 
rapidly subsided Two weeks later he was discharged free of edema in both legs, 
and when seen six weeks later the legs were normal Venography showed a filling 
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defect in the light common femoral and external iliac veins, which was piobablv due 
to an organizing thrombus On the left side venography was not done because the 
saphenous vein had been tied off and could not be used for injection 

Comment In this patient the phlehitic piocess spread so lapidly, to involve 
the entile deep system, that one could not be certain where the process first 
began The thrombus in the right femoral vein and the fresh red clot distally 
suggest that this may be an example of so-called “primary iliofemoral throm- 
bophlebitis ” It IS possible howevei, that a marked thiombophilic tendency 
can initiate the process m a number of aieas simultaneously, with super- 
imposed fresh clot extending m both directions The pathologic studies of 
Neumann,^ T.osssle,^^ and Hunter, et al ~ weigh the evidence in favoi of the 
view that ihofemoial thrombophlebitis is in most instances a proximal ex- 
tension of lowei leg thiombophlebitis In every case of iliofemoral thrombo- 
phlebitis which Ave studied by venogiaphy the deep veins in the lower leg 
were involved ‘ 

Case 16 — A male, age 20 , complained of pam m the right calf 13 days after 
nephrolithotomy He showed a positive Homans’ sign Theie was increased heat, 
fever and leukocytosis, but no edema The calf was tender on pressure and theie 
was tenderness in the gioin also A venogram showed defective hlling of the deep 
veins in the low^er leg The femoral %ein was not visualized It w’as exposed undei local 
anesthesia in the groin No perivenous reaction w'as present, but the \em w-as filled wnth 
a loose fresh clot extending into the external iliac The extracted clot w'as 10 cm long 
A few' additional small clots were obtained by suction The ACin w’as then divided 
Slight edema persisted for a w'eek and on discharge the circumference of the right calf 
measured 0 5 cm greater than the left 

Comment It is debatable Avhether tbe thrombus began m the lower 
leg veins 01 the iliofemoral veins It is impossible to claim that clot extrac- 
tion avoided embolism, but it is fair to assume that the usual long con- 
valescence which iliofemoral thrombophlebitis requires (cnca 38 days for all 
types of thrombophlebitis^'^) was markedly shortened by this procedure 

Case 17 — A female, age 66, when allowed out of bed tw'o weeks aftei chole- 
cystectomy, complained of pain in the right lower leg and thigh The calf and inner 
aspect of the thigh were tender on pressuie The superficial veins were varicose 
There was slight cyanosis of the skin and swelling of the leg and thigh Venography 
showed good filling of the superficial varicose veins, but the entire deep system failed 
to fill (Fig 13) Exposure of the veins in the groin showed perivenous inflammation 
The great saphenous, common femoral and external iliac, for an indeterminate 
distance proximally, were filled with fresh unattached clot The common femoral 
and external iliac were evacuated until blood flowed from above Troublesome hem- 
orrhage from two tributaries entering the common femoral posteriorly was controlled 
by ligatures placed from within the lumen of the femoral vein, w'hich w'as then obliterated 
by suture Division was avoided for technical reasons 

On the day of operation the entire leg was swollen Five days later calf tenderness 
disappeared and the superficial veins were no longer distended Nine days later she 
W’as up and walking, and 12 days later, after gradual disappearance of all symptoms 
and signs except slight sw'elling of the low'cr leg on w'alking, she was discharged Three 
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months latei the light leg and ankle weie still somewhat painful and mild edema of 
the ankle occuiied on walking Theie was slight right calf tenderness and the right 
leg \\as slightly warmei than the left 

Comment Coiisideiable bleeding in tins patient makes it clear that the 
procedure of plilebotom} foi clot extraction at this level can be a difficult 
one in certain circumstances 

In this instance the physical signs demonstrated involvement of the 
temoral vein and venogiaphy was not necessaiy for diagnosis Nevertheless, 
even in obvious cases of phlebitis, venogiaphy is worth while, for it may 
reveal an extent of involvement not suspected from signs and symptoms alone 

Since the recovery of the pieceding three patients was much more rapid 
than is oidinaril} the case wfiien conservative therapy is adopted, we believe 
that the operative procedure w^as beneficial But tw^o other patients with 
thrombophlebitis involving the entiie deep system including the external 
iliac, from w^hose common femoial veins long thiombi w^ere exti acted, w'eie 
not symptomatically improved In one, the thrombus with superimposed clot 
was removed six hours aftei the diagnosib was made Pronounced edema 
persisted for two months In the other, pain and sw^ellmg continued for 
w’eeks afterwards 

Although, in the foregoing five cases, clot or thiombus extraction follow'ed 
by division of the common femoral vein was not followed by embolus, the 
symptomatic relief achieved w'as satisfactoiy m only three The claims made 
for heparin and foi paravertebi al novocain block, so far as symptomatic 
relief is concerned, are at least as good Protection against embolism, how- 
ever, IS the factor of pi unary importance For this purpose a comparative 
evaluation of all three methods is necessary Perhaps a combination of 
methods may prove to be the best therapy 

Though w'e aie on uncertain ground in deciding wdiether surgical inter- 
vention IS justified befoie infarction has occurred, we should not hesitate to 
operate after a first infarct To wait for a second infarct before opeiating 
as Lawen,-‘ and de Takats and Jesser-^ suggest, is too arbitiary a rule to 
be reliable We regard a first infarct, however slight, a sufficient indication 
The type of surgical proceduie wdneh should be adopted is by no means 
established Lawmen, Kulenkampff,-'' and de Takats and Jessei, limited then 
eftorts to clot extraction without division of the vein Our view is in agree- 
ment with that of Homans, that division or at least ligation should be done 
whether or not complete extraction of clot or thrombus is achieved Should 
embolism occur after emptying and dividing the common femoial vein, we 
would not hesitate to ligate or divide the common iliac vein 

D — PHLEBITIC ULCER 

Chrome lower leg ulcers may be assumed to be of phlebitic origin if a 
satisfactory histoiy of deep phlebitis is obtainable In some instances the 
history will be negative or equivocal Accuiate diagnosis and proper therapeu- 
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tic piocedure will be facilitated if the exact status of the deep veins can be 
ascei tamed 


Case 18 — A male, age 58, entered the hospital foi a chionic ulcer which had been 
piesent for eight >eais It began some months after lemoval of an encasement applied 
foi a fiacture of the uppei thud of the tibia On admission to the hospital examination 
showed massive edema from the knee to the ankle, cyanotic engorgement of the lower 
third of the leg and a weeping ulcer involving about a third of the anterior surface of 
the lower leg No varicose veins weie seen The patient stated that these had been 


cured by ligation m the groin two years previously at another hospital A venogram 
showed almost complete obliteration of the deep veins and absence of the greater 
saphenous svstem (Fig 14) A nonvaricose, dilated lesser saphenous vein communicating 
with a venous trunk on the lateial aspect of the thigh was the sole remaining pathway 
for venous drainage A diagnosis of phlebitic ulcer was assured and therapy applied 
accordingly 




Fig 14 — Case i8 
The deep veins are 
almost entirely obht 
erated and the inter 
ml saphenous vein is 
obliterated A lateral 
superficial trunk is the 
onh significant venous 
trunk in the lower 
leg 


Fig 13 — Case 17 The deep veins do not 
fill The superficial veins are varicose 


Comment The obliteration of the internal saphenous system two years 
previously was ill-advised, for the venogram demonstiates that the ulcer w'as 
not a varicose ulcer and that the saphenous system was the only majoi channel 
lemaining for venous drainage of the lowei leg 

V enography provides a technic for correct orientation in stubborn or com- 
plicated cases of disease m the veins of the lower leg The disastrous effects 
of therapeutic obliteration of dilated saphenous veins, wduch are mistakenl}' 
assumed to be varicose, but wduch in fact have developed to compensate for 
an obliterated deep system, will thus be avoided 

Whether the veins involved m deep phlebitis ever lecanahze to a degree 
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sufficient to lestoie appieciable function, is an unsettled question foi \^hlch 
venogiapliy a\i 11 piesumal 3 l> piovide an answei In the case cited heie 
1 ecanalization has not and piobably nevei will take place 

An extieme example of a piesumably peimanent obliteiation of the deep 
system is the following 

Case 19 A female, age 48, obese, mothei of seven childien, enteied the hospital 
because of epigastuc, peuumbihcal and left-sided abdominal pain of six weeks duration 
There weie no associated gastro-intestinal signs 01 symptoms She gave a histoiy of 
three attacks of deep thiombophlebitis of the lowei extremities, one of which, 13 years 
ago, after childbnth, was bilateral and very seveie Aside fiom obesitj and hypertension, 
physical examination was negative except that the supeificial veins of the lower left half 
of the abdominal wall weie induiated, tender, and more prominent than usual Supeificial 
varices weie observed in both lower extiemities, those on the left were reddened and 
tender The abdominal pain w'as attributed to phlebitis of the veins in the abdominal 
wall, probably including the veins m the falcifoim ligament Venography of the lower 
extremity show’ed complete absence of the deep veins in the right leg and pelvis wnth 
gloss dilatation of one collateral channel in the abdominal w^all On the left there was 
neaily complete obliteration of the deep sjstem of the veins m the leg and pelvis, with 
numeious small collateral channels in the abdominal w'all, some of wdnch were presum- 
ably blocked b}’' the active thiombophlebitis 

E — V\RICOSE ULCER AND SAPHENOUS THROMBOPHLEBITIS 

The venogiam can be useful to locate the position and nnmbei of incom- 
petent peifoiators in the bed of a varicose ulcer tvhicli persists following 
obhteiative therapy of vaiicose saphenous veins 

We have ahead)’’ lefeiied to the acceleiated rate of lecoveiy 111 superficial 
thiombophlebitis by division of the saphenous vein in the gioin The follow- 
ing IS an instance of septic thiombophlebitis beginning in the saphenous 
system 

Case 20 A female, age 50, diabetic, W'as submitted to ligation of a varicose left 
internal saphenous vein in the gioin Wound sepsis follow'ed and spiead to the suriound- 
ing tissues, requiring multiple incisions Repeated chills, fevei and positive blood cultures 
established the diagnosis of Staphylococcus albus septicemia or pyemia, wdiich did not 
subside in spite of adequate sulfathiazole and sulfadiazene therapy Ligation of a vein 
containing the septic thrombus, wdnch was consideied responsible for the generalized 
infection, lequiied a knowdedge of the status of the deep veins A venogram showed 
complete obliteiation of the deep system in the low’Ci leg Since the infectious 
process began 111 the gioin the deep veins at this level were presumably also involved 
A venogram of the iliofemoral veins could not be taken because of the obliteration of 
the saphenous system It was obvious that nothing could be accomplished by an approach 
below the inguinal ligament The left iliac vein w’as exposed through an extraperitoneal 
incision, and the proximal end of the thiombus w’as located at the beginning of the 
common iliac, wdnch was ligated Eventual subsidence of the generalized and local 
infection took place 

Extension of thiombophlebitis from the saphenous to the deep system is 
not rare If the process m the internal saphenous vein extends into the groin, 
a venogram will be useful as a guide to theiapy We, like Welch and Faxon’^®, 
have found deep phlebitis of the lowei leg by venogiaphy when a superficial 
phlebitis in the external saphenous system obscuied the local evidence in the 
calf muscles Division of the deep as well as the superficial veins is advisable 
in this situation 
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Fulther expeiience, based on a pohc}^ of division of the feinoial vein foi 
the ijievention of embolism in all cases of thrombophlebitis of the deep veins 
in the lowei leg, has led us to the following conclusions 

1 Division of the common femoial vein will cause early lesolution of the 
thrombophlebitic piocess in the lower leg Edema of the lower leg appears 
not to be aggravated, indeed the process fiequently disappears moie rapidly 
than might be expected In occasional instances edema increases after vein 
division, but we are not awaie of a valid reason foi attributing the result to 
vein division 

2 Our formei piactice of dividing the femoial vein, by preference below 
the entiance of the vena profunda, has been abandoned in favor of division 
above, because of an occasional instance of embolism from the vena profunda 

3 When thrombophlebitis of the longer leg is present, division of the 
common femoial A'^ein is preferable to heparinization or paravertebral novo- 
cain block as a prophylactic nicasiiie against embohsin We do not wish to 
imply that vein division is superioi to these measures for the treatment of 
the local process pei se 

4 There aie occasional individuals in whom the piocess does not lemain 
confined to the deep veins in the lowei leg A new focus of thrombosis above 
the site of vein division may develop and embolism may then occur In this 
event the patient must be reclassified as one wnth iliofemoral thrombophlebitis 
and treated accoidingly 

5 The treatment of iliofemoral thrombophlebitis by clot or thrombus 
extraction via the common femoral or ihac veins, followed by division of 
either of these veins is a valuable and at times indispensable procedure, but 
we do not feel that it need be adopted as a routine measure Heparinization 
or paravertebral novocain block may be as satisfactoiy oi even superior foi 
the puipose of securing symptomatic relief However, if one infarct should 
occur, regardless of what type of management has been in effect, it is our 
view that division of either the common femoral or iliac vein above the site 


of, or after extraction of, the clot oi thrombus should be performed 

6 Venography is an indispensable technic foi the correct management of 
all types of thrombophlebitis of the lower extiemity A filling defect in the 
venogram does not prove the piesence of thrombophlebitis unless the element 
of vasospasm can be ruled out Until an effective method for achieving this 
during venography becomes available the venogram should be interpreted in 
the light of the concomitant clinical picture 

7 The varying circumstances in which Adenography can be useful aie 


described 
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Discussion — ^DR Herman E PEARSE (Rochester, NY) Dr Fine has given a 
very excellent discussion of the treatment of this condition, and I would like to add one 
word on its prevention Welch showed that one essential factor in the propagation of 
intravascular clotting was stasis The postoperative period is one of stasis in the veins of 
the lower extremities I believe that much of this intravascular clotting can be prevented 
by adequate leg exercises in the immediate postoperative period 

Dr Alton Ochsner (New Orleans La ) I am sure we are all deeply indebted to 
Dr Fine for this presentation relative to thrombophlebitis In our experience, we believe 
one must differentiate between two types of clotting, namely those in which there is 
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inflammatory disease and those in which there is no inflammation which we have desig- 
nated as phlebothrombitis In both of these there are the same factors responsible, i e the 
changes in blood constituents avhich are the result of tissue damage These may be the result 
of trauma the result of invasion by infection or neoplastic disease 

In the patient with thrombophlebitis we feel with few exceptions unless suppuration 
has occurred ligation of the vein is not necessary because in these instances the clot is 
firmly attached and there is no danger of it becoming detached If one will treat these 
patients by wrapping the extremity and preventing propagation of the thrombus above the 
area of thrombophlebitis there is little danger of detachment of the clot These we feel are 
best treated by novocain block of regional sympathetic ganglia We have had prompt 
subsidence of symptoms 

There are a few cases of thrombophlebitis and this is particularly associated with pelvic 
thrombophlebitis in which ligation of the vein is necessary These are infected emboli 
Recently Dr Conrad Collins, of the Department of Gynecology has tied off eight vena 
caval successfully in patients who had puerperal infections with infected emboli breaking off 
In the patient who has a phlebothrombosis there is little evidence of disease It is this 
patient who gets up out of bed after operative procedure and develops embolism We can 
detect these by suspecting and I know no condition in which suspicion is more valuable 
It has become a rule in our clinic that any patient past forty years of age, who has an 
operative procedure or who has an inflammatory process or neoplastic disease has careful 
routine examination of his lower extremities We measure the extremities and not only 
perform the Homan’s test which is the dorsal flexion of the foot but carefully examine the 
plantar aspects of their feet because this is one of the areas m which the thrombi may 
originate In these individuals if there is some tenderness phlebography must be done 
and if the phlebogram shows a defect then the vein should be tied off We not only tie off 
the vein but we suck out the clot proximal to the wound which I am sure Dr Fine 
does too 

It IS of importance I think to realize that heparin will not necessarily protect these 
cases I have recently seen a patient who had five emboli four of which occurred in 21 days 
during which time he received hepann continuously His clotting time ranged from 15 
minutes to one-half hour It was only after his fifth one that a phlebogram was made 
and his vein was tied off which prevented a fatal outcome 

If one will recall that 71 per cent of the patients who have fatal pulmonary emboli 
have had an antecedent infarction it certainly is an indication to us that any patient who 
has infarction should at least be given advantage of a phlebogram By means of phle- 
bography, with the exceptions which Dr Fine has brought out namely spasm, and pos- 
sibly some cases in which there is absence of filling one can determine quite accurately 
whether there is a clot or not and the ligation of the vein in such an instance is certainly 
hfe-saving 

Dr LELAND S McKitTRICK (Boston Mass ) I would like to say just a word in 
support of what Dr Fine has talked to you about We in the Peripheral Vascular Clinic 
at the Massachusetts General Hospital have been much interested in this group of patients 
We are not able — and I say this with apologies — to draw this clear-cut distinction that 
Dr Ochsner has just spoken to you about between the two groups that he has so ably 
described Heparin has let us down or possibly we have let hepann down In any case we 
have not received from heparin the same satisfactory results that the group in Toronto has 
In our Peripheral Vascular Clinic we have a group which I think speaks quite inde- 
pendently Sometimes we agree and frequently we disagree The group is in complete 
agreement upon the value and importance of an attack upon the venous tree in cases of 
thrombophlebitis or phlebothrombitis (I am including them all together) We also are 
in complete agreement upon the safety of the method We are in agreement upon the 
difficulty of interpreting the venograms particularly those of the veins below the level of 
the popliteal 

We are in complete disagreement as to the technic of obtaining venograms We are in 
disagreement as to their importance because of the doubt in the minds of many of us at 
the present time as to whether we can interpret venograms with sufficient accuracy to give 
them more significance than a very careful clinical examination of the part We are in dis- 
agreement as to the level at which the vein should be opened and ligated 

I say opened and ligated ' because the vein should never be constneted until it is first 
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opened to exclude the presence of a thrombus at the level at which the ligature is to be 
applied 

So I leave it at that point We believe in the procedure, at least in the principles of it, 
but the many, many things about which we are not in agreement make this a particularly 
lively and interesting subject at the present time 

Dr Jacob Fine (closing) With reference to Dr Ochsner’s distinction between 
thrombophlebitis and phlebothrombosis, I think the detailed text of this paper will show 
that from the point of view of embolism this distinction is not helpful clinically, for we 
have seen embolism in individuals with outspoken thrombophlebitis 

Dr Pearse’s reference to leg exercises to minimize the occurrence of venous thrombosis 
IS well taken We adopted that principle in our clinic years ago and I think it is a well 
known principle, but unfortunately we continue to get thrombosis in spite of the use of 
leg exercises 

As to ligation versus division of the vein, we arc in complete agreement with what 
Dr McKittnck says We always divide the vein, but we always open it before dividing it, 
and if there is a clot at the site of the femoral vein it is removed If it cannot be removed, 
we consider it desirable to divide the iliac vein if embolism has occurred or if it occurs 
subsequently 


ANNOUNCEMENT OF FELLOWSHIPS IN 
MEDICINE AND PUBLIC HEALTH 

lnL C0MM0N\\n\LTH rtjND of New York, a philanthropic foundation established in 
igiS by the late Mrs Stephen V Haikness, announces that it is offeiing through the 
Pan Ainciican Sanitaiy Bureau fifteen fellowships for one yeai’s study of public health 
subjects or postgiaduate medical courses to properly qualified peisons who are citizens 
of the other American republics Fellowships m public health will be open to physicians, 
sanitaiy officers, technicians, public health nurses, etc These fellows will be selected 
through a system of coopeiation with medical and health authorities of the different 
countries concerned, and whenever deemed advisable they will be interviewed by travel- 
ing representatives of the Pan American Sanitary Bureau Each fellowship will provide 
living allowances \vhile the holdei is in the United States, travel costs, and tuition 
Knowledge of the English language will be among the requirements, and also the 
possession of certain specific qualifications 

The Pan Amei ican Sanitary Bui eau, the international health agency of the American 
lepublics, has been foi some tune the lecognized dealing house foi medical and public 
health fellowships m the United States, neaily loo Latin Americans now being m the 
United States undei its auspices 

Application blanksi,»giving complete mfoimation will be available through the Com- 
monwealth Fund, 41 East 57th Stieet, New Yoik, the Pan Ameiican Sanitaiy Bureau, 
Washington, D C , 01 chiefs of Ameiican Missions m Latin America 
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THE CONTROL OF HAIR AND FEATHER PIGMENTATION AS 
REVEALED BY GRAFTING MELANOPHORES IN THE EjVHIRYO' 

B H WiLLiER, Ph D , D Sc 

Balii-more, Mn 

) ROM THL UbIARlMLNT Ol BlOt OGA JOHNS HOPKINS UM\ERSIT\ B\I.TIMORL MD 

This ialk dlals ■with the mechanism of pigmentation in hairs and 
featheis, one of the majoi pioblems in animal biology You aie already 
familiar with vaiiations in the coloi of human ban, also with the fact that 
man) animals show' legional ditleiences in the coloi of the ban oi feathei 
— as, for example the spotted patterns ot the Dalmatian dog. the leopaid 
Holstein cow oi the guinea fowl and wnth the stuped patterns ot the aebia, 
tigei and the Bailed Plymouth Rock feathers It is not my intention this 
morning to piesent an explanation of how' these coloi patterns aie pioduced 
but meiely to gu'e you a glimpse into the natuie of the pioblem involved 
111 then formation 

Specifically, w'e shall examine (i) the souice of the pigment cells in the 
embryo, and (2) the mode of foimation of pigment m ban and especially 
111 feathers which have been studied much moie extensively 

Method — The method wdiich w'e use m oui expeiimentation is to giaft 
small bits of tissue (usually less than one milhmetei in gieatest dimension) 
from one embryo, the donor, into anothei embiyo, the host The host chick 
embryo is prepared toi leceiving the giaft by fiist sawung a window' by means 
of a hacksaw' in the shell dnectly over the embiyo. w'hose exact position is 
located by candling The shell window is lemoved. and the shell membiane 
IS slit open so as to expose the body of the embryo The embiyo is now' 
viewed through a binocular dissecting micioscope and a small incision is 
made in the body w'all foi leceiving the giaft tissue Next, the piece of 
tissue which has been isolated from the donor embr) o by means of fine steel 
dissecting needles is transferied to the host embiyo and imshed into the 
graft incision The shell window is then retuined to its position and sealed 
in by means of melted paiaffin, and the egg retuined to the incubatoi 

The Soiuce of Pigment Cells — Fiom seveial lines ot evidence (foi a de- 
tailed consideration see Raw'les 1940, Ris 1941 Willier 1941 and Williei 
and Rawles 1940) it has been pioved that the precursor pigment cells arise 
m the neural crest and migiate into the skin and its derivatives the hair and 
leather follicles Tw'o main types of experiments w'lll he presented here 
The w'lng-bud is excised fiom an embi)o of a pigmented bleed of fow'l, the 
Barred Plymouth Rock and giafted into the coelom of a White Leghorn 
host chick einhno A wing-bud from an 85-hour embivo giow'ii in the 
coelom of the host embno develops into a noi mal-appeanng wing cocered 

*Read betore the American Surgical Association, Cle\ eland, Ohio, April 6-8, 1942 
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with black cIoami teatheis, as you would expect since it came fiom a Bailed 
Rock doiioi If, houevei. the same expeiiment is done using a wmg-biid 
Horn a donoi enibiyo of 70-houis incubation the lesult is quite diffeient A 
noimal umg foims but is coveied with skin having vhite down featheis 

I hese 1 esults shov that the pigment cells ai ise outside of the wing-bud and 
migiate into it between 70 and 85 houis of incubation 

M} leseaich assistant. Di Maiy E Rawles (1940), has earned out 
similai expel iments uith the mouse embiyo A stiain of genetically black 
mice was used The mouse embiyo at about ii days of gestation is lemoved 
tiom the uteius and pieces of skin ectodeim aie isolated fiom two legions 
ot the embiyo one oiei the neuial ciest and one fiom the forelimb-bud 

II the skin ectodeim contains neuial crest cells it will pioduce, when tians- 
planted to the coelom ot a White Leghorn host embiyo, typical skin and 
ban follicles, including pigment cells If, on the othei hand, a piece is taken 
horn the hmb-bud of the same embiyo the lesult is the same except that theie 
aie no pigment cells uhatsoevei present m the hair follicles By means of 
these two t}pes of analysis along with ceitain othei experimental evidence 
(Ris 1941), ue have been able to piove conclusively that the pigment cells 
aie deiived solely fiom the neuial ciest Moieovei. the 1 esults show that 
the neuial ciest cells migiate lateiall) and invade the skin, the haii and 
feathei follicles and fuinish melanin pigment to these stiuctures In the 
absence ot neuial ciest cells the ban and feathei develop noimally but without 
any pigment 

Giaftiiig of PiccKisoi Pigment Cells — In this t}pe of expeiiment neural 
ciest cells (potential melanophoies) aie grafted fiom one embryo to anothei 
of equivalent ages, 1 e , about 70-houis incubation The donor and host em- 
bryos are of diffeient breeds of fowl 01 species of bud Neuial ciest cells 
fiom the donor are transplanted to the base of the wing-bud of the host 
before its ovn neural crest cells have migiated into the wing-bud This 
results 111 the foimation of an aiea of donoi -colored down feathers on the 
uing and adjacent regions of the body m a majority of cases The down 
plumage is replaced by juvenile contoui feathers having the shape, rate of 
giowth and distribution m tiacts chaiactei istic of host control chicks, but 
invariably having the color 01 coloi pattei n of the donor breed or species 
Ibis was found to be tiue for all donoi bieeds and species tested such as 
Baried Plymouth Rock, New^ Hampshiie Red, Black Mmoica, Blown Leg- 
horn, White Wyandotte. White Silkie and White Plymouth Rock, crow, 
1 ohm, jmg-neck pheasant The 1 esults ai e interpi eted to mean that grafted 
melanophoies enter the wing befoie the host ones do and take up all the 
a^ ailable positions m the skin and feather follicles The host melanophoi es 
migrate later into the wing fiom their seat of origin in the neuial crest Since, 
howevei, they have entered later than the donoi melanophores, they remain 
outside of the feathei follicles m the dermis of the skin 

Coopei'citiOH of Donoi Melonophoi es ond Host Fcothei Follicle ^It is 
thus clear that two component paits cliffeimg in then genetic constitution 
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cooperate in the production of the donoi coloied featlieis in the host The 
feathei follicle is the embi}onic oigan which bmlds the stuictuial elements 
of the feather The melanophore finnished b}^ the donoi, on the other hand, 
is tlie pigment producer The melanophoie is a blanched cell containing 
melanin pigment granules When intioduced into the host embryo the melano- 



Tig I — A 29 dij old W’^Iiitc Legltorn male cluck sliou mg barred pltiniage on 
the right wing and breast Produced bj grafting potential nielanophores from an 
iS hour old Barred Ph mouth Rock embrjo into the base of the wing bud of the 
host embrao at 79 hours incubation 

Pig e — A -2 daj old Barred Plamouth Rock cluck showing white plumage 
on the right wing Produced ha grafting neural crest cells (potential mclano 
phorcs) from a 71 hour old WHiitc Silkic Bantam enibr>o into the base of the 
wing hud of the host cmhrao at 70 hours incubation 
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phoies fiom pigmented bieeds of fowl migiate into the developing featliei 
follicle and tal<e up positions next to the epideimal cells foiming the paits 
of the feathei The melanophoie sends out seveial piocesses which come 
m close appi oximation to the epidermal cells The tips of the piocesses 
extrude pigment gianules which aie taken into the host epideimal cells 
The gianules which the host epideimal cells thus acquiie aie donoi specific 
as to size, shape, and coloi When melanophoies fiom the white bieeds 
of fou 1 ai e gi afted to pigmented bi eeds, they migrate into the host feather fol- 
licles just as melanophoies fiom pigmented bieeds do, but die befoie depositing 
any pigment gianules, hence a white host feather is pioduced Appaiently 
the melanophoie of the white bieeds possess a lethal factoi which bungs 
about Its eail}'’ death 

The question now aiises as to how donoi melanophoie and host feathei 
follicle woik togethei m the pioduction of a specific coloiation oi coloi pat- 
tern That the donoi melanophoies leact to extiinsic factoi s m the host 
feather follicles is illustiated by the stiikmg vanations m coloi pattern 
pioduced 111 the vaiious feathei s of the same bud Bailed Rock melano- 
phoies in a White Leghorn host pioduce coloi patterns, langmg fiom those 
almost wholly black to those with distinct black and white bais Measuie- 
ments of the inciease in length of the gi owing feathei show that if the 
giouth late is lapid (ceitain flight feathei s) the feather tends to be all 
black except foi tiaces of white bais on the shaft and when slow (bieast 
feathei) the black and white bais are distinct and neaily equal m wudth 
Generally speaking, lapid giowdh rate favois a gieatei deposition of black 
pigment than a slow' late 

Similai vanations in coloi pattern have been pioduced by guinea fowl 
melanophoies in White Leghorn host feathei s In lapidly giownng feathei s 
the vane is giay w'lth tan-browai tips and the outei vane maigins aie mottled 
biowmish-gia}' In slowly growing ones the feathei show's cieam-w'hite bais 
on a gray background Thus anothei example is fuimshed show'ing that 
the color pattern foimed vanes w'lth the late of grow'th and position of 
the feathei on the host It langes fiom a mottled pattern to one which is 
typically barred 

Summanzing then, it is evident that the individual feathei follicle alteis 
gieatly the type of pattern pioduced by the donor melanophoies Each 
feather follicle pioduces its ow'ii specific type of pattern 

Role of Hounones in Feathei Pigmentation — That endoenne substances 
have an affect on melanophoies is hi ought out in vanous ways Lillie and 
his associates (Lilhe, 1932) have showm that thyioxm injected into Blown 
Leghoin males affect piofoundly the pigmentation pattern produced 111 a 
regenerating neck hackle feather The thyioxm pioduced an extension of 
the black pigment By conti oiling the dosage and time of inti oduction inter- 
esting atypical pigmentation patterns can be pioduced m the feathei 

Also, these investigatois have shown that sex hormones may also modify 
feather coloi patterns in the Biow'ii Leghoin fowl In this fowl the bieast 
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leathei ii, black in the noimal male and capon and salmon-colored m the 
normal female If a bieast feather of a capon is plucked and the female sex 
hormone estrone is injected at suitable times dining its legeneration, a 
salmon-colored bai is formed acioss tbe feathei vane Thus a female coloied 
bar IS produced on a male colored backgiound Similaily male coloied bars 
may be pioduced m legeneiatmg breast feathei s by omitting every seventh 
day an otheiwise daily injection of female sex hoimone In these expciiments 
we have evidence that the female hoimone favors the difteientiation of a 
type of melanophoie nhicli deposits salmon-coloied pigment 

Recently Hamilton (1941), woiking in my laboratorj , has studied the 
action ot the sex hormones and desox3'coi ticosterone on the difteientiation 
of melanophoies cultivated m plasma clots in viti 0 He found that skin 
ectoderm explants ot the N H Red embr3 0 both estrone and testosteione 
propionate bung about the difteientiation of led melanophores (typicalh 
only infrequently present m contiol cultures) Also the adrenal hoimone 
desox3'coi ticosterone, has an inhibitory action on the diffeientiation of 
Barred Rock melanophoies If a piece of skin ectoderm fiom a seven-da3 
embr3m of this bleed is cultivated in a plasma clot containing 100 gamma 
of this substance per cubic centimeter no melanophores diffeientiate If the 
clot contains 67 gamma pei cubic centimetei man3? degeneiate melanophoies 
are found along with a few expanded ones 

These experiments show that melanophoies have the capacit3' to lespoiid 
to hormones and thus furnish a basis foi understanding the lole of hormones 
111 feathei pigmentation 

SUMAIA.RY 

1 Melanophoies aiise fiom the neural crest and migrate into the skin 
and Its derivatives, the haii and feather follicles 

2 Han and feathei follicles build the hair and feather, 1 espectivel3'- In 
the absence of melanophores both hair and feather are ivhite but normal 
structurall3'^ 

3 Melanophoies fiom pigmented breeds of fowl deposit specific melanin 
pigment granules into the epideimal cells of the host feather Melanophores 
from white bieeds penetiate the feather follicles of potential^ pigmented 
hosts but deposite no pigment gianules These are lethal cells wdnch die before 
they have time to deposit pigment gianules A genetic lethal factoi in the 
melanophore is postulated as causing gray han m man 

4 B3’^ grafting melanophoies from one bleed of chick embr3m to anothei 
It IS possible to show the lespective loles of the melanophore and feathei 
follicle m the formation of pigmentation patterns The specific color or 
pattern produced depends upon the genetic constitution of the melanophoie 
and partly upon the physiolog) of the feathei follicle, 1 e , its grow th rate, 
reaction threshold, etc They work together in forming a specific color 
pattern 

5 Hoimones modif3 gieath the diiection of diffeientiation and action 
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of melanophores They have a piofoiincl effect on the melanophoi e^, dining 
the process of color pattern foimation in a developing feathci 
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For the past 13 years our little gioup has been engaged in an expeii- 
mental study of the disoiders of menstruation Oui puipose is to discuss, 
briefly, the expei imental approach to this problem, to desciibe some of oui 
cuirent expei iments, and to relate these to past work and to the pioblem as 
a whole 

Piimarily, the phenomenon of menstruation is an expiession of endociine 
actnuty , by means of ovarian hormones, the endometrium is stimulated 
Later, as a lesult of certain changes m the concenti ation of the hormones, 
the endometiium undergoes a phase of regiession which is characterized by 
the appeal ance of mensti nation The problem of abnormal menstruation can, 
therefoie, be said to have a central phase dealing with various lesions of the 
endocrine system, a hoimonal phase which deals with the ebb and flow of the 
ovaiian hoimones and a peripheral phase dealing with the vascular changes 
in the end-organ or endometrium 

For descriptive pin poses it is best to begin with the changes m hormone 
concenti ation which aie responsible for the initiation of mensti nation Many 
obseivers had noted the premature appearance of menstruation following the 
lemoval of a corpus luteum 01 oophorectomy Allen^ obseived a similar pre- 
mature menstruation in monkeys subjected to castration and also noted the 
piemature appearance of menstruation following suigeiy to large graafian 
follicles In further experiments, Allen injected castiated monkeys with 
estiogen in oil for nine to 20 days Three to ten days aftei the cessation 
of estrogen injections, menstruation appealed Many investigators have con- 
fiimed this obseivation of uteiine bleeding in castrated individuals following 
the cessation of treatment with estrogen Such esti ogen-withdi awal bleeding 
can be indefinitely postponed by following the estrogen tieatment with pio- 
gesterone, but when the progesteione is discontinued, bleeding occurs Bleed- 
ing does not occui during treatment with ovarian hormones as long as the 
amount of hoimone available lemains above a ceitam so-called critical level 
It may occui during tieatment Yith estiogen if the daily dose is suddenly 
reduced below this level, 01 if estiogen AMthdiawal is followed by tieatment 
with small daily doses of piogesterone If both hoimones have been admin- 
isteied, bleeding occui s following piogesteione withdrawal, even when estro- 


* Read before the American Surgical Association, Qeveland, Ohio, April 6-8, 1942 
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gen IS continued in amounts which would have been sufficient to pi event 
bleeding had no piogesteione been given If, in these cncumstances, veiy 
laige amounts of estiogen are given following piogesteione withdiawal, 
bleeding may not occui until aftei the estiogen injections aie discontinued 

These facts, and many othei s of similai import, have led to the conclusion 
that a decline in the level of ovaiian activity is an essential prerequisite foi 
the onset of mensti nation 

The vasculai phenomena chai actei istic of noimal menstruation m the 
1 hesus monkey have been desci ibed by Markee,- who obsei ved the pi ocess m 
bits of endometiium tiansplanted to the anteiioi chamber of the eye De- 
ciease m the size of the mtia-ocular tiansplants always precedes and accom- 
panies mensti ual bleeding When the aiea of the transplant has decreased 
20 to 30 pel cent, the ciiculation in the supeificial part of the endometiium 
becomes slowei and slower until a condition of stasis or near stasis exists 
Four to 24 houis before bleeding begins, the coiled arteiies which supply the 
upper one-half to two-thii ds of the endometi lum consti ict, rendering the whole 
tiansplant ischemic Vasoconstiiction peisists throughout the mensti ual 
period Howevei, following the initial peiiod of ischemia, individual aiteries 
lelax tempoiaiily, a few at a time, and when this happens, hemoiihage occurs 
Most commonly, blood escapes thiough a bieak m the wall of an aiteriole 01 
capillaiy and forms a hematoma which subsequently luptuies It may bieak 
through the uteime epithelium without foimmg a hematoma Also, diapedesis 
with or without hematoma foi mation may occui and a venous flow may take 
place in fields of previous hemoiihage and destiuction of tissue Reestablish- 
ment of the circulation teimmates mensti nation 

The expel imental bleeding uliich lesults fiom the types of hormone treat- 
ment pieviously desci ibed is similai to noimal menstruation as regards 
amount, duiation and local A^asculai phenomena In spite of a vast amount 
of investigation i elating to mensti nation in geneial, little or nothing has been 
learned concerning the local mechanisms involved m the pioduction of men- 
strual abnoi mahties In 1941. our colleague. Dr Rucker Cleveland,^ then 
of the Depaitment of Anatomy, noted the occui lence of prolonged bleeding 
in castrated monkeys which had leceived estrogen and progesterone simulta- 
neously, following an initial 14-day period of tieatment with estrogen alone 
As fai as ve have been able to find, this is the fiist leported instance of an 
experimentally pioduced menorrhagia Doctoi Cleveland’s observation sug- 
gested a study of the vasculai changes m the endometiium dm mg this type 
of prolonged bleeding Accoidmgly, intia-ocular endometrial transplants 
were made m four castiated monkeys These animals were then injected 
with estrogen and progesterone, as m Doctor Cleveland’s experiments 
Vaginal bleeding of 15 to 23 days’ duration followed cessation of tieatment 
During the fiist three to five days there was a profuse flow of red blood, 
subsequently, the flow was less piofuse and the color was red at times but, 
on the whole, darker The changes observed in the transplants were essen- 
tially similar to those described by Markee ^ Hemoi rhage was observed 
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onl} cluiing the flist da} oi so of vaginal bleeding, subsequently, the trans- 
plants leinained anemic until shoitly befoie oi aftei the cessation of vaginal 
bleeding At this time, lestoiation of the cii dilation and some regeneiation 
of tissue weie noted These obseivations suggest that the initial bieakdown 
of the tissue pioceeded more oi less on schedule and that the piolongation 
of bleeding u as due primarily to delayed restoi ation of the circulation 

This method of study, while it promises to give some insight into the 
mechanism of menonhagia, does not aftord any infoimation concerning the 
central phase of the problem of menstiual disorders, nor concerning the 
changes in endometrial histology which are associated with abnoi mal bleeding 
We have approached these phases of the problem from another angle, and 
the results of our studies have yielded information concerning the endocrine 
changes ultimately responsible for abnormalities of menstruation The con- 
clusions are of importance and lest upon the following experimental basis 
Our earlier expei iments'* were undertaken in an attempt to obtain evidence 
concerning the etiology of glandular cystic hyperplasia of the endometrium 
Castrated mice weie injected with small daily doses of estrin and progestin, 
singly and in combination Their endometria were compared with human 
endometria, from the various phases of the cycle and with specimens of 
glandular cystic hyperplasia The endometrial reactions of the estnn-treated 
mice and of the human endometria from the fiist 14 days of the cycle were 
identical, and, except for a lesser degree of proliferation and the absence 
of cystic glands, were similar to glandular cystic hyperplasia This suggested 
that an increased estrogenic stimulus might produce hyperplasia Accord- 
ingly, castrated guinea-pigs were injected with largei doses for a longer 
period of time Typical glandular cystic hyperplasia lesulted® In these 
animals, the vaginal smears showed a continuous estrous reaction Just about 
this time, Haterius,® and Emeiy,'^ reported the occurrence of continuous estrus 
following extreme partial casti ation The application of this piocedure to 
the study of hyperplasia was obvious 

Meanwhile, we, and many otheis as well, were engaged in an attempt to 
con elate the disturbances of menstruation with endometiial changes The 
endometrial biopsy technic which we introduced about this time® ® was of 
gieat help in the collection of the necessaiy data, which showed, conclusively, 
that any kind of a menstrual disturbance could arise from any kind of endo- 
metrium Due to the fact that such opposite symptoms as amenorrhea and 
menorrhagia could both ai ise from the same type of endometrium, many com- 
petent observeis referied different symptoms to diffeient glands, and such 
terms as thyioid menorrhagia and pituitary amenorihea were common Some 
e\en thought that the association of a particulai glandular lesion with a pai- 
ticulai symptom was of primary diagnostic import The lesults of oui par- 
tial casti ation expei iments^® shed considerable light on these points Guinea- 

These experiments were supported bj a grant from the S E Massengill Co The 
hormones used (Progvnon-B and Proluton) were kindly supplied by the Schenng 
Corporation, through the courtesy of Drs Erwin Schwenk and Bradley Whitman 
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pigs ^\ele paitiall}^ castrated and obsened foi no da}s In some animals the 
estious cycle continued normall}', in a second gioup, there \vas continuous 
estius and m anothei gioup estius occuiied infrequently or not at all In 
the animals ^\lth noimal cycles the ovaries showed small and infiequent 
coipoia lutea and the endometiia showed a faiily noimal estrogenic stimulus 
but a deficient progesteione stimulus In the gioup with long periods of 
estius the ovaries iiere cystic and contained no coipoia lutea The endo- 
metria showed charactei istic glandular cystic hyperplasia In the animals 
with no c}cles or infiequent estrus, the o\arian fragments weie small and 
contained no coipora lutea and the endometiia showed a deficient estrogenic 
Mimulus and lack of any piogesterone stimulus 

Thus, wnth experimental ovaiian failuie three diffeient groups of individ- 
uals could be distinguished by changes in the sex cycles and endometria 
Studies of human endometiia revealed that women wnth menstrual dis- 
orders could be classified in three similar groups, chaiacteiized, respectively, 
by (i) evidence of a deficient piogesteione stimulus in the endometiium 
corpus luteum in the ovai} , (2) marked proliferation m the endometrium, 
no corpora lutea m the ovaries, and (3) minimal or no prohfeiation m the 
endometrium, ovaries atrophic While theie w^as no absolute correlation be- 
tween the type of endometrial leaction and the type of menstrual disoider, 
there w'as a tendency for the milder types of menstiiial disorders to be 
associated with endometrial reactions of the first type, excessive bleeding 
wnth those of the second type and amenorihea wnth those of the third type 
These observations led to the important conclusion that the various endo- 
metrial changes 111 these cases result from diffeient degrees of ovarian failure 
In general, three levels of ovarian failure can be distinguished In the intei- 
est of simplicity w^e have designated them as the first, second and third 
degrees of ovarian failuie These aie not static or sharply delimited con- 
ditions Each merges gradually into the next and w ithin each categoi y thei e 
are variations in the level of ovarian activity 

With this picture of ovaiian failure established, it w^as only natural to 
attempt the pioduction of a similai picture by othei means which would re- 
duce the function of the ovaiy Since hypophysectomy completely ahohshes 
ovarian function it seemed logical to expect that paitial hypophysectoni} 
wmuld produce a partial ovaiian failure Therefore, a number of guinea-pigs 
were partially hypophysectomized and observed foi no days These animals 
show^ed changes in the sex cycle and endometrium identical with those ob- 
served in the partial castration experiments 

Under normal conditions sexual peiiodicity is dependent upon the propei 
adjustment of the hypophyseal-ovarian relationship The above experimental 
results illustrate the fact that similar abnormalities m the genital tract can 
be produced by altering either component of the lelationship Clinical evi- 
dence indicates that a variety of other conditions, such as lesions of other 
glands or constitutional conditions or nutritional deficiencies, can alter the 
hypophyseal-ovarian relationship and produce changes in the genitalia We 
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have some experimental evidence confiimatoiy of this supposition In thy- 
roidectomizecl animals the picture of ovaiian failuie is identical with that 
seen m the animals subjected to paitial castiation oi paitial hj^pophysectomy 
A somewhat similai picture has recently been ohseived in animals afflicted 
with a geneial constitutional disease, chionic cecitis In animals with ex- 
perimental hypei tension resulting fiom partial nephrectomy, there was defi- 
nite evidence of loweied ovarian function i- 

Many investigatoi s have obtained expenmental evidence confirmatory of 
that described above The pioduction of glandular cystic hyperplasia by pio- 
longed tieatment vith estrogen has been demonstiated in all of the common 
laboratoi y animals Production of the typical endometrial picture in 

the macaque b}'^ this means has recently been repoited from our own labora- 
tory The results of our partial casti ation expei iments have been confirmed 
repeatedly The interesting experiments of Ranson, and his collabora- 

tois,-^ on the effects of hypothalamic lesions aie highly suggestive as to the 
mechanism of pituitary dysfunction Abundant clinical evidence is also at 
hand which paiallels the conclusions diawn from oui experimental data 
Fiom all of the evidence, we have formulated the following general concept 
of nienstiual disoideis To state it biiefly 

Functional menstrual disordeis lesult fiom an ovarian failuie This may 
be primal y, due to inheient ovarian disease, oi secondaiy, due to extra- 
ovarian causes, such as pituitary, thyioid oi other endocrine disease and 
various types of constitutional disease The appioximate degree of ovaiian 
involvement is indicated by the endometrium There is no constant correla- 
tion between the primaiy lesion, the menstrual symptom and the endometiial 
reaction 
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Discussion — Dr Joe Vincent Meigs (Boston) Doctor Burch has dearly 
described his interesting work and his interpretation of it There is no doubt that men- 
struation IS a circulatory phenomenon, partially, but not wholly, controlled by ovarian 
hormones There is no doubt that the ovary, if normal, controls the normal endometrium 
of a normal uterus, but menstruation or bleeding from the endometrium may be under 
the control of the sympathetic nervous system or other nerve supply Also, the end- 
organ — the uterus and its endometrium — will respond differently depending upon its 
development, just as in the same individual the breasts, whose growth is under the control 
of the ovarian hormone, may respond to ovarian stimulation by growing to different sizes 
The reason for this is not that the ovarian hormone is supplied to each breast in varied 
amounts, but that each breast, as an end-organ responds differently to the same stimula- 
tion The underdeveloped uterus and endometrium, as end-organs, may respond poorly 
to normal amounts of hormones and bleeding may be very different from the bleeding 
of a well developed organ It is possible, also, that the response of the blood vessels and 
their nerve apparatus in individual organs may be abnormal Bleeding will be greater 
from an organ with a superior blood supply than from one with an inferior blood supply 
The fact that menstruation can be brought on suddenly or may stop because of fright or 
emotional shock shows that bleeding is not primarily controlled by ovarian hormones but 
IS a nerve or blood vessel phenomenon, or possibly adrenal mechanism The normal 
ovary rules the normal endometrium and its normal blood supply, and an abnormal ovary 
with an abnormal secretion will pervert the bleeding from a normal uterus An abnormal 
physiologic state, such as pituitary failure, thyroid failure, starvation or disease will upset 
menstruation and may do so not because of partial ovarian failure, but because the end- 
organ and its blood vessels may be disorganized as well as the ovary The causes of 
normal menstruation are controlled by a normal ovary endometrium and blood vessel 
arrangement, but abnormal menstruation or bleeding or amenorrhea may be due to condi- 
tions far removed from ovarian failure Ovarian failure will upset menstruation but 
ovarian failure is not the only mechanism that can do it The most important link in 
the chain is the control of the neurovascular system If hormones control this system 
then hormone failure is most important, but if not, then a search must be made for 
another control 
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During the past ceniury and a hvle, in which the woicl shock has 
been used medically to indicate a state of acute tiiculatoiy einbai i assment 
or failuie associated with wounds hemoirhage and other accidents, theie 
has existed a marked tendenc)' on the pait of the medical piofession to 
consider it hi ought about somehow thiough the neivous system 

Ps3^chic activity incident to the accident and lesulting in the passage of 
impulses fiom the brain to tbe vasomotoi centeis in the medulla may play 
a vaiiable lole and may be difficult to eialuate That vasodepiessoi centeis 
exist m the cerebral coitex w^as showm lecently by Ploff and Gieen ^ ivho pio- 
duced a decline in blood pressuie by electncal stimulation of the lateial supia- 
sylvian, ectosylvian and sylvian gyii in cats and occasionally the maiginal gyms 
and a small aiea of coitex near the anteiioi tip of the superioi piecentral 
sulcus in monkeys Fainting fi equentl}'’ accompanies a vaiiety of sudden 
accidents and may send the blood piessuie to veiy low' levels- If the 
leaction is maiked and piolonged, as is laiel) the case, and if combined with 
othei shock-pioducing factois such as hemoiihage. it may be of impoitance 
m initiating oi piolonging a state of shock Fear has been considered b}' 
Fieeman, ’ Cannon, and others, to be an exciting factoi in shock by in- 
ci easing the output of adienalin producing vasoconsti iction w'lth damage to 
and inciease of permeability of capillaiies, hemoconcentiation, and secondaiy 
tall of blood piessure 

Injuiy to sensoiy neives of the traumatized field lesulting in afteient 
impulses to the vasomotoi centeis in the meduha is the method of action 
that has been most generall}' consideied The sensoiy stimuli aie geneiall}' 
assumed tdS' inhibit vasoconstrictoi impulses and lowei blood pressuie al- 
though the possibility exists that vasodiUtoi impulses may simultaneously 
lie augmented The most serious objection to this theoiy is that w'hile 
vasodepi essor i espouses may be elicited by electncal stimulation oi by 
mechanical stimulation (as b} cutting, pinching oi sti etching) of ceiebio- 
sjimal nei r es during operations on man or experiments on animals, the} 
aie usual]} absent in most of these instances and if piesent die piactically 
ne\ei of a degree that lesults in shock oi even m maiked and piolonged 
lowei mg of blood piessuie 
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The caiotid sinus and cai dio-aoi tic neives aie special afteient modulatoi 
neives I'oi the blood piessuie with centcis in the medulla and axonal endings 
in the walls of the blood vessels and m case of the caidiac division of the 
caidio-aoitic neive in the left heait Stimulation of these neives lesnlts 
in low^eimg of the blood piessine wdiich vanes to some extent m degiee 
and duration wnth the natuie, strength and length of the stimulus The 
existence of similai modulatoi nerves has been postulated for othei arteiies, 
such as those of the abdomen, but never definitely pi oven It has been the 
geneial obseivation that falls of blood piessuie often to shock levels (70 
Mm of mei cm y 01 undei ) may usually be pi oduced within a pei lod of one 
to thiee minutes by appropiiate stimulation of either the caiotid sinus 01 the 
caidio-aoitic neives The piessuie ma}'- be maintained at a low^ level for an 
indefinite peiiod 01 it may use to vaiying levels as a result of vaiying degiees 
of exhaustion of the leflex Howevei, no repoits have been found in the 
hteiatuie of veiy piolonged stimulation of these neives m an endeavoi to 
deteimine wdiethei or not the blood pressuie can be maintained at low 
levels foi a sufficiently long time to become the sole 01 an impoitant factor 
in the causation of shock FieemaiH low^eied blood piessure m five cats by 
caidio-aoitic neive stimulation maintaining it betw^een 60 and 80 Mm of 
meicuiy foi 95 minutes m one case The accompanying blood changes w^ere 
negligible and the piessuie piomptly letuined to the oiigmal level on le- 
moval of the stimulus 

Expel iments have been conducted in an efifoit to deteimine the eftect 
of continuous and piolonged stimulation of the caiotid sinus of the dog 
and of the caidio-aoitic nerves of the labbit Also, an attempt has been 
made to deteimine wdiethei or not theie aie similai neives supplying blood 
vessels wnthm the abdomen which on stimulation low^ei the blood pressuie 
The lesults of carotid sinus stimulation aie lepoited heie 

The vasodepressor effect of stimulation of the caiotid sinus was dis- 
covered by Heimg,’’ and Koch,*’ and has since been consideiably elaborated 
by Heynians and cowmikeis,’^ and othei s Short to medium periods of 
stimulation 111 dogs have not been found to bung on a state of shock although 
sudden reflex death has occasionally lesulted dm mg dissection 01 mechanical 
01 electiical stimulation of the caiotid sinus 01 its neive 

EXPERIMENTAL METHODS 

Dogs w^eighmg fiom 7 to 15 Kg w-eie anesthetized with sodium baibital, 
300 mg pei Kg body-weight, intiavenously When smallei doses weie 
tried theie w^as usually stiugghng and disruption of the set-up especially on 
electrical stimulation The expeiiment was also set up undei evipal anes- 
thesia, and the animal allowed to recovei Stimulation then also pi oduced 
struggling and disiuption of the set-up Kymogiaphic tracings of blood 
pressure w^ere lecorded from a cannula m the femoial aitery Stimulation 
w^as produced 111 some cases mechanically by distention of the caiotid sinus, 
m othei s electiically by an induced cm lent passing thiough a bipolai elec- 
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tiode applied to the sinus m one form exteinally and m another form intra- 
vasculail}'^ Er3hhioc)de counts, hematocrit, and in some cases hemoglobin 
and serum protein determinations, by the Barber-Hamilton method, were 
made before and at intervals m the course of the stimulation Blood was 
drawn from the exposed femoral vein in most experiments but more recently 
from the femoral arteiy 

Mechamcal Stimidahon — Foi mechanical stimulation the technic of Hey- 
mans w^as used An inverted jugular vein sac was attached to the end of a 
cannula wdnch Avas then inserted and tied in the carotid artery, so that the 
sac rested m the sinus The external carotid artery was ligated near its 
origin By distention of the sac with water the pressure was raised to the 
desired levels Sac pressuies ranging between 175 and 275 Mm of mercury 
weie found to give the greatest falls 111 blood pressure 

There were eight experiments of this kind Sinus distention promptly 
low'ered the blood pressuie to some degree in seven but in only three did 
the level reach 70 Mm of meicuiy or lowei Usually, regardless of the 
level of descent the piessure began to rise wnthm a few minutes and reached 
the previous level in from 10 to 40 minutes After periods of rest there would 
usually be a response to stimulation of the same character One dog which 
show^ed falls of blood piessuie of 20 to 40 Mm lasting up to 30 minutes, 
died suddenly wdien the pressuie w^as leleased at 120 Mm mercury In one 
dog there was failuie of response despite lepeated and varied elevations of 
pressuie in the sinus Section of the A'agi in three cases after failure to 
hold the pressuie at low' levels by stimulation made little difference in results 
The lemaining animals weie saciificed after 4 to 13 hours w'hile stimulation 
was not being carried out Then blood pressures were at or only slightly 
below' the levels befoie stimulation was begun and there were no changes in 
R B C counts 01 hematocrits, or other evidences to indicate a state of 
impending or existing shock The method of stimulation was consequently 
abandoned as being inadequate 

Elect) teal Shmulatw)) with Elect) ode Applied Ei tonally — In a second 
group of 14 expel iments the region of bifurcation of the common carotid 
artery w'as dissected free of sunoundmg soft parts One wire of a bipolar 
electrode w'as hooked about the internal caiotid and the other about the com- 
mon carotid neai the bifurcation In addition, five animals died suddenly 
during the dissection in an attempt to carry out this piocedure, fiom reflex 
lespiratorj' and/01 cardiac aiiest, it being difficult to say which 

Stimulation was fiom a Haivard inductoiium w'lth 6 to ii cm separation 
of the secondary coil from the zero point Leakage of current to the sur- 
lounding soft parts was tioublesome In 10 expei iments there were falls of 
blood piessure but the degiee and duration weie very variable Five animals 
show'ed model ate short 1 espouses but died suddenlj at the onset or w'lthin 12 
minutes to 2 hours in the course of stimulation, probably from current leak- 
age to the adjacent vagus Onlj' two dogs had prolonged falls of pressure 
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In one, the initial pressuie was 150 Mm, and under almost continuous 
stimulation foi 6 horns it langed between 80 and 100 Mm and the eiythro- 
cytes increased gradually f 10111 6,4^0,000 to 8,020,000, and the heniatociit 
from 53 to 59 Death occuired suddenly fiom vagus arrest of the lieait 
In a second dog the piessure fell initially from 145 Mm and fluctuated be- 
tween 75 and 125 Mm under continuous stimulation foi ii horns When 
the stimulus was removed foi to 2 minutes, the piessuie always bounded 
upward to 140-160 Mm and when released at the end, befoie killing, it 
was 155 Mm The eiythiocytes weie 6,080,000 and the hematocrit 43 
before stimulation After 5 34 hours they were 6,800,000 and 48, respec- 
tively Estimations 10 minutes before the stimulus was stopped showed 
12,000,000 erythrocytes (inaccurate ^ ) and a hematociit of 60 Thus, 
despite the fact that the stimulus was removed after ii hours, the blood 
pressure rose as high as it was at the beginning, showing that vasomotor 
control was still normal Hemoconcentration had developed during the last 
4 hours 

Electucal Stumdatwn xvith a Canmila Elecfiode — In an endeavor to 
improve the method of stimulation, a bipolar cannula electrode was devised 
It IS inserted and tied 111 the common carotid aiteiy, the distal pole being 
carried into the flist portion of the internal carotid leaving the proximal 
pole in the carotid sinus The cannula and the method of insertion are 
shown in Figure i For the prevention of leakage of current, the carotid 
arter}' is tied and divided pi oximally , the f 1 eed sui 1 ounding soft parts reti acted 
by two Farr automatic retractors and one iibbon retractor anchored to a 
cross bar The set-up of the expeiimeiit is shown in Figure 2 In four 
experiments, both carotids were cannulated but the results of bilateral 
stimulation were little different from those of unilateral stimulation 

The results of cannula electrode stimulation 111 19 experiments were a 
great improvement over those obtained by previous methods, as the cir- 
culation of the sinus was well preserved, and it responded to stimulation 
for long periods By avoiding dissection about the carotid sinus nerve, 
there was no death duiiiig the preparation of the experiments In every 
experiment there was at some time a response to stimulation but there 
was variation 111 the intensity, duration and time at which it was obtained 
With initial blood pressures varying from no to 160 Mm mercury, there 
was usually a fall at the onset of stimulation with the secondary coil 
10 to 8 cm from the zero point In the majority of the experiments the 
pressuie fell from 25 to 50 Mm of mercury, leaving it at suprashock 
levels and sometimes much stronger stimuli were necessary However m 
a minority of cases the fall was to 70 Mm of mercury, or lower The most 
marked falls were usually m animals showing little or no embarrassment 
of respiration In experiments giving the most marked and persistent 
response it was possible to lower the blood pressure to shock levels either 
immediately or relatively soon after the onset of stimulation and maintain 
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CVROTIU SINUS SriMULVTION M^IVTAIMVG BLOOD PRESSURE ALMOST CONTINUOUSLY 






AT 

SHOCK 

LEVELS 

UNTIL DE\TH 



Stimu 

lation 

B P 


Res 


Hemat 


Exper 

Sur\ i\al 

Period 

Mm 

Pulse 

pira 

R B C 

ocnt 


Xo 

Hours 

Hours 

Hg 

Rate 

tion 

Millions 

% 

Pathology 



0 

110 

120 

20 

7 14 

48 

Lung Congestion of capillaries and venules 



0 1 

66 





little hemorrhage and protein precipitate in 



I 0 

60 

124 

24 

7 14 

47 

alveoli Liver Extreme stasis in both 

IH 

7 5 

2 0 

SO 

142 

20 

7 52 

51 

hepatic and portal systems Liver cords 



3 5 

70 

138 

28 

8 72 

57 

either vacuolated or granulated in places 



5 5 

70 

134 

22 

9 60 

61 

Some lymphatics markedly distended with 



7 5 

33 



9 14 

59 

lymph coagulum Kidneys Marked conges- 
tion and acute granular degeneration of 
epithelium of tubules Adrenals Marked 
congestion some hemorrhage and degenera- 
tion of cells of fasciculate zone Little 
cortical and medullary change Lymphatic 
ganglion near adrenal Extensive degenera 
tion of nuclei of some ce'ls Changes in other 
visceia negligible 



0 

130 

120 

16 

5 44 

37 




(1 2 

76 






ll'J 

9 5 

1 0 

100 

116 

22 

7 28 

40 




2 J 

74 








3 5 

S3 

96 

8 

7 12 

40 




6 5 

65 

84 

8 

6 88 

39 




9 25 

41 

132 

7 

6 08 

39 




0 

106 

126 

36 

5 28 

33 

Necropsy Moderate edema and atelectasis 



0 1 

50 





of lungs Aspirated \ omitus in some bronchi 



1 0 

74 

120 

20 

5 76 

10 

Central congestion and slight granular de 

129 

8 

3 0 

70 

140 

28 

7 56 

39 

generation in cords of liver lobules Slight 



0 25 

75 

136 

26 

7 36 

36 

degeneiation of fasciculate zone of adrenal 



7 75 

44 

144 

48 



cortex Nuclear degeneration in convoluted 


tubules of kidneys Spleen small and 
anemic as in collapse Other visceral 
changes negligible 


■\\eiagc S 3 

It continuoubl)^ oi almost at such levels until ciiculatoiy exhaustion and death 
occuiied A summaiy of the lesults of thiee expeiiments is given m Table I 
The average sunuval time after beginning the continuous stimulation was 
83 houis As the blood piessure gradually declined theie was a tendency 
to hemoconccntration as shown by the eiythrocyte counts and the hematocrit 
This was slight in Experiments 1 19 and 129 Neciopsy m Expeiiments 
1 14 and 129 levealed congestion and acute degenerative changes in most 
of the visceia The hemoconcentiation and pathologic changes weie mosr 
marked m Experiment 114, in which the blood piessure was most con- 
sistently at lov levels, and in which death occuiied eaihest aftei 75 houis 
Giaph I shows the eaily blood pressuie tracing wuth the use and fall of 
pressuie fiom clamping and releasing the common carotid arteiies, the fall 
of pressure from short stimulation tvith the mductorium at 9 cm and the 
early part of the piolonged period of continuous stimulation Release of the 
stimulus for 2 minutes thiee houis aftei the beginning wuth a piessure of 
62 Mm of mercury resulted in a use of 30 Mm How'ever, a similai re- 
lease 55 minutes befoie death resulted m only an 8 Mm use m piessure, 
showing that the circulation was so badh damaged that an almost irreversible 
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State was piesent Giaph 2 sho^^s the fiiithei decline duiing the final 35 
minutes of life Photoniiciogiaphs show the blood and lymph stasis m the 
livei (Fig 3), the cell neciosis in the convoluted tubules of the kidney 
(Fig 4) and the disappeai ance of nuclei m sympathetic ganglion cells 

(Fig 5) 


GrAPii I 



ELECTRICAL STIM OF CAROTID SINUS 



CONTINUOUS STIMULATION 


MINUTES 



Graph 2 

Graph i — Experiment 114 Showing ciiotul sinus leflex fioin clamping and rdtismg 
ciiotid "irteiies and electrical stimuHtion of right carotid sinus 

Graph 2 — Experiment 114 Blood pressure tracing befoie death, following 7*4 houis 
of stimulation, with maintenance at shock levels 

In the laigei gioup of experiments m which foi a long peiiod, the i educ- 
tion in blood piessiue wj-as to inegulai supiashock levels, the general effect 
on the animals was ielativel> slight, and on lelease of the stimulus the 
pressuie would mount to appi oximately the piestimulation levels At times 
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Fic 2 — Experiment 'et up for stimulation Cannula inserted in carotid sinus and held in the 
clear bj clamp Surrounding soft parts retracted bj one anchored ribbon retractor and two Farr 
automatic retractors 
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the leflex would be exhausted and the piessure would rise to pievious levels 
Following a biief lest period, the pressure would again fall on stimulation 

Table II 

BLOOD PRESSURE LOWERED TO SUPRASHOCK LEVELS DURING ABOUT THE 
riRST TWO-THIRDS OF PERIOD OF CAROTID SINUS STIMULATION 

B P Hetnato- 


Etper 

Survival Time 

Mm 

Pulse 

Resp 

R B C 

crit 


No 

Hours Hours 

Hg 

Rate 

Rate 

Millions 

% 

Pathology 



0 


120 

138 

16 

6 96 

35 

Operative wounds infected M arked hypo- 



0 

3 

80 





static congestion of lungs Some blood in 



0 

6 

80 

128 

20 

5 52 

31 

alveoli Lymphatics distended with co- 

131 

26 

1 

6 

90 

136 

20 

5 78 

35 

agulum Central venous engorgement in 



2 

6 

100 

168 

20 

5 48 

34 

liver with degeneration m adjacent cords 



5 

0 

84 

162 

28 

4 32 

26 

Some degeneration in cortical zone and de- 



9 

0 

82 

176 

26 

3 84 


generation and hyperemia in fascicular 



13 

0 

80 

ISO 

36 

5 68 

35 

zone of adrenals E\tensive degeneration 



(over nightl 





and sloughing of convoluted tubules of 



22 

5 

72 

172 

28 

6 4 

39 

kidney Moderate hyperemia of kidney and 



24 

6 

68 

170 

28 

6 24 

40 

spleen Subepicardial vascular engorge- 



25 

6 

45 



5 59 

41 

ment with lymphatics distended by lymph 
coagulum Slight wavy degeneration of 
myocardium Pancreas, jejunum and 
skeletal muscle normal Some degeneration 
in penpancreatic sympathetic ganglion 



0 


170 

180 

22 

9 04 

48 

Operative wounds infected Hypostatic 



0 

1 

140 





congestion and beginning pneumonia in 



1 

0 

140 

168 

20 

8 96 

55 

posterior lobe of lung Passive congestion 

132 

11 

75 1 

2 






of liver and degeneration of cord cells 



1 

65 

128 





Acute necrosis of cells of convoluted 



3 

0 

135 





tubules and marked congestion of kidney 



4 

0 

85 

160 

24 

9 76 

51 

Congestion and moderate degeneration in 



6 

5 

90 

180 

16 

10 38 

53 

intermediary zone of the adrenals Pan- 



9 

0 

90 





creas spleen jejunum and skeletal muscle 



9 

5 

90 

184 

28 

9 68 


normal Some fragmentation of myocardial 



10 

0 

70 





fibers 



13 

0 

54 

160 

24 

9 14 

51 




0 


130 

138 

24 

6 90 

47 

Operative wounds infected Hypostatic 



0 

25 

90 





congestion and slight atelectasis of lungs 



1 

0 

98 





Engorgement of central lobe veins and 

133 

18 

3 2 

0 

100 

160 

28 

8 00 

51 

necrosis of cords of liver Slight hyperemia 



4 

5 

115 

168 

32 

7 44 

45 

and necrosis or tubules of kidney Moder- 



9 

0 

110 

176 

19 

6 56 

44 

ate hyperemia necrosis and leukocytic 



9 

75 

105 





infiltration of intermediary zone of adrenals 



11 

5 

80 



8 40 

44 

Other viscera and cardiac muscle essential- 



IS 

5 

70 

144 

24 



ly normal 



16 

5 

60 

144 

32 

7 28 

46 




18 

0 

2o 

160 

16 

6 72 

42 



\verage 19 7 

Howevei, after lo to 20 hours of continuous, or almost continuous stimula- 
tion, the blood piessure would decline to shock levels and then death would 
result in a shorter time than m the animals whose pressures fell to shock 
levels at the onset of the stimulation The results of thiee experiments are 
given in Table II 

The average survival period was 197 houis There was relatively little 
fluctuation in the erythrocyte counts and hematociit, either before or after 
the blood pressure descended to shock levels The experiments ran long 
enough for wound infection to be established and to play a part in the 
causation of death 
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Fig 4 Fig 5 

Fig 3 — Experiment 114 Engorgement of \etns and capilHries Mitli blood, and of ImujiIi itics 
Mitli Ijmph coagulum 

Fig 4 — Experiment 114 Necrosis of cells of kidne> tubules 

1 IG s — Experiment 114 Necrosis of cells of sympathetic ganglion 

In Experiment 13 1 the animal lived 26 houis The dmation and degiee 
of fall during the first 13 houis vaiied considei abl}' Giaph 3 shows the 
dedine of piessuie on initial stimulation with the mductorium at 6 cm 
and the rapid leturn to a highei level despite continuation of the stimulus 
Aftei moving the secondaiy coil to 4 cm the i^ressure again fell and with 
that strength unchanged it remained at 11 1 egulai ly low levels until death 
During the long peiiod that the piessure lemamed at suprashock levels 
the rise of pressure on temporal}^ lelease of the stimulus was very maiked 
as shown at the end of 3 2 houis by Giaph 3b, and at the end of ii 3 houis 
and 225 hours as sho^^n by Giaph 4c and d, lespectively Howevei, aftei 
the piessuie had been at shock levels foi one houi, the elevation of 
piessure on release vas very slight (Graph 4e) and aftei anothei houi it 
failed to occui 

For comparison with these t^\o gioups of stimulation expeiiments, a 
third or control group was lun in which the piocedure was the same except 
the electrical stimulus was not applied to the sinus The lesults aie showm 
in Table III The average duiation of life w'as 28 7 hours The blood pres- 
sure did not chop to shock levels until an aveiage of about 4 hours befoie 
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EXPERIMENT NO 131 



A - ONSET OF STIMULATION REFLEX QUICKLY EXHAUSTED 
B - 40 SEC RELEASE AFTER 3 2 HRS CONTINUOUS STIM 


Grspk 3 — Expetiment 131 A Showing fill in blood pressure to suprisliock 
]c\els with recoveo during cTiotid sinus stinuiHtion B Elevation of blood pressure 
on leleisc of stinuiliis, while pressure is in untamed at suprashock le\el foi 33 houis 


EXPERIMENT NO 131 



C- 45 SEC RELEASE AFTER II 3 HRS CONTINUOUS STIM 
D - 3 MIN '• « 223 ” " " 

E - 20 SEC. I' " 23.5 " " » 

Gr\ph f — Experiment 131 Showing marked pressor response 
on lelease of stinnil’ s after maintenance at siijirishock le\els for 

(C) ii^ hours Resiionse still good when shock level reached 

(D) after 22 ’/ hours, but feeble (E) after 23^ houis 
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Table III 

CONTROL EXPERIMENTS FOR CAROTID SINUS STIMULATION 



Sur- 


B P 


Res 


Hemato 



Exper 

vival 

Time 

Mm 

Pulse 

pi ra- 

R B C 

crit 

Se’'um 



No 

Hours 

Hours 

Hg 

Rate 

tion 

Millions 

% 

Proteins 

Pathology 



0 

145 

88 

28 

9 60 

56 

5 61 


Necropsy Early infection of 

134 

26 35 

2 3 

150 

180 

24 

9 12 

60 

5 48 


wounds Early pneumonia Earl> 



8 

150 

205 

24 

10 24 

60 

5 78 


necrosis of many cells of convo 



10 25 

140 



10 32 

57 

5 61 


luted and collecting tubules of kid- 


(over night) 







neys Central congestion of liver 



22 

80 

88 

12 

8 72 

53 

5 48 


lobules degeneration of liver cells 



24 

70 

138 

20 

8 88 

54 

5 48 


Degeneration and nuclear frag- 



26 

40 



8 80 

52 

5 65 


mentation of adrenal cortex Slight 
waxy d egenerat ion of hea rt m uscles 
Other viscera and skeletal muscle 
showed no changes 



0 

160 

180 

22 

7 76 

51 

5 58 


Necropsy Moderate ate'ectasis 

135 

31 

2 

160 

180 

20 

7 84 

53 

6 26 


and congestion of lungs Degener- 



8 

160 

180 

20 

8 64 

54 

6 35 


ation. of glomerular zone and of 



14 

130 

170 

28 

8 08 

50 

6 22 


cells of cords of adrenal cortex 



20 

90 

144 

10 

8 16 

52 

5 65 


Slight degeneration and sloughing 



25 

70 

150 

12 

7 68 

49 

under 5 

58 

of cells ot convoluted tubules of 



30 

50 

164 

10 

6 90 

48 

under 5 

58 

kidney Congestion of liver 

lobules Other viscera show no 
change Infection of wounds 










Hb 




0 

120 

144 

24 

5 68 

45 


84 Hypostatic congestion of lungs and 

187 

29 

1 6 

110 

140 

40 

6 08 

47 

5 31 

86 early pneumonia Necrosis of cells 



4 

126 

160 

44 

5 84 

50 

5 48 

85 of tubules of kidneys Hyperemia 



8 

120 

180 

44 

6 80 

49 


92 

Necrosis and leukocytic infiltra 



12 

100 

180 

48 

6 94 

49 

5 48 

96 

tion of intermediary zone of 


(over night) 







adrenal Marked engorgement of 



20 

86 

190 

36 

7 20 

49 

5 24 

102 

liver veins and necrosis and leuko 



24 

80 

180 

54 

7 68 

49 

4 97 

104 

cytic infiltration of liver cells 



28 

60 

160 

88 

6 72 

47 

5 24 

95 

Other viscera and skeletal mu'cle 


show negligible change Infection 
of experimental wounds 

Average 28 7 


death There was no significant change in the erythrocyte counts, hematocrit 
or plasma proteins Infection of the operative wounds was more marked 
than in the group of cases represented in Table II 

Discussion — The factors to be considered in the causation of death of 
the animals m which the carotid sinus was stimulated electrically, with the 
use of the bipolai cannula electrode, aie the effects of the stimulus, the 
anesthetic, the experimental wounds, and the possible late complications 
from infection and dehydration 

In the group of animals represented in Table I, m which the blood 
pressure was maintained at shock levels during nearly all of the period of 
stimulation, there was death after an average of 8 3 hours, wnth a tendency 
to hemoconcentiation, wdnch w^as marked in one case and slight in the other 
tw'^o cases In the two necropsied cases there were acute congestive and de- 
generative changes in the cells of parenchymatous organs compatible with 
changes resulting from low blood pressure and failure of the circulation The 
anesthetic produced sound narcosis, but there w'as no evidence that it was 
an important factor in the cause of early death The experimental w'^ounds 
W'ere made with very little blood-loss, and death occurred before there w'as 
time for the appearance of toxic effects of their infection Consequently, it 
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appears justifiable to conclude that the piolonged maintenance of the blood 
pressure neai or below 70 Mm of mercury was the most impoitant factor 
m the production of death from acute circulatoiy failure 

In the group of animals represented in Table II, m which, during con- 
tinuous 01 almost continuous stimulation, the blood pressure remained de- 
pressed but at irregular levels, above 70 Mm of mercury, the animals did 
not present a tendency to hemoconcentration, and on temporary release of 
the stimulus, the blood pressure quickly rose to high levels over a period of 
10 to 20 hours Finally, the blood piesstire sank to 70 Mm or below, aftei 
which the animals died m an average of foui to five hours showing a slight 
tendency to hemoconcentiation during the peiiod Infection, prolonged an- 
esthesia, and dehydration appeared to be the most important lethal agents 
and cnculatoiy damage from lowering of blood pressure to suprashock levels 
by sinus stimulation was of much less significance 

In the third group of contiol experiments, which lived on an average of 
28 7 hours, the prolonged anesthesia and infection of the wounds, and of 
the respiratoiy tract were the factois of greatest importance in causing 
death The blood showed little change, with a slight tendency to hemo- 
dilution, and the blood piessuie fell to low levels late m the course of the 
expel iments 

SUMiMARY 

By electrical stimulation of the carotid sinus in dogs under sodium 
barbital anesthesia using a bipolar cannula electrode, it was possible to 
maintain the blood pressure at 1 educed levels foi long periods of time and 
to observe the effects of the loweied blood pressure upon the body and 
the general circulation 

In one set of exj3eriments, 111 which the piessure was held continuously 
or nearly so at 70 Mm of mercury or below, the blood became concentrated 
and death occurred aftei the lapse of an average of 8 5 hours At necropsy, 
there was congestion and acute necrosis of the cells of many of the viscera, 
and the picture was compatible with shock pioduced principally by the 
vasodepressor nerve stimulation 

In a second set of experiments, in which the pressure was lowered by 
stimulation but remained above 70 Mm of mercuiy, there was relatively 
little damage to the cii dilation for many hours, as revealed by the absence 
of hemoconcentration and by prompt elevation of the pressure on temporary 
release of the stimulus Finally, the pressures fell to shock levels, and death 
then followed in 4 to 5 houis with a total survival period averaging 19 
hours The anesthetic and the infections of the wounds and of the respiratory 
tract were important factors in the causation of death However, that death 
was hastened by the blood piessure lowering effects of the stimulation is 
indicated by the fact that a set of control animals lived an average of 28 7 
hours, or 9 hours longer than those of the second group, dying mainly from 
the effects of anesthesia and infection 

While neurogenic shock has been produced by carotid sinus stimulation 
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m anestheti/ed clogs it has only mdnect beanng on human shock, since 
biinilai stimulation Mould scaiceh be encounteicd as a lesult of injuiy oi 
dm mg opeiation m man 

Tlic pathology of the cxptiimcnts lias been kinclh reviewed bv Di Eleanor 
Humphi eys 
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THE STADER REDUfJTION SPLINT 

rOR TREATING FRACTURES OF THE SHAFTS OF THE LONG BONES 

Kenneth M Lewis, M D , Lester Breidenb veil, M D , 

Nrw York, N Y 
AND 

Otto Stader, V M D 

Ardmori , Pa 

FROM THF FOURTH SURGICAL DIVISION, BELLEVUF HOSPITAI , NFW \ORK N \ 

In 1931, one of the authois (Stader'*’ woiking in the field of 
vetennaiy suigeiy, was impiessed with the inadequate methods then in vogue 
foi ti eating fiactuies of the shafts of the long bones in dogs Plaster en- 
casements were not toleiated hy the canines, who fiequently destroyed them 
by constant biting and teaimg, 01 the plastei dismtegiated by constant soiling 
and softening with body excietions Ti action and countei-ti action weie ob- 
viously unsuited and although a modified Thomas splint had been used 
extensively, the degiee of fixation obtained was usually insufficient and 
pleasure neciosis fiom the img often defeated its continued use It was thus 
that Stader, using two half -pm units m each fiagment, budged by a metal 
adjustable connecting bai, was able to accuiately reduce the fiactuie and allow 
the apparatus to lemain 111 place and act as a splint Anatomic reduction 
could usually be obtained by means of the adjustment on the splint, and 
because of its compact size it did not seem to annoy the dog and was well 
toleiated by the animal until union of the fiactuie had occuiied 

In the human, Schanz*’ " had described the use of half-nails and screws 
as a means of skeletal contiol, and Riedel- had suggested an external plate 
budging two 01 moie sciews 01 nails, thus permitting fiimei fixation These 
authois furthei pointed out the advantages obtained 111 mseitmg the pins at 
an angle to each other (not parallel) as a means of fiimei control ovei the 
bone fiagments Andeison made use of this pimciple m his woik Until 
1931, all of these men finally fixed the pm assembly m plaster, mcoipoiated 
as a ciicular plaster encasement 

Stadei giadually used his splint m dogs with gi eater and gi eater fie- 
quency, and up to the piesent time (May, 1942) ovei 1200 fractures 111 
dogs have been tieated by this method The lesults obtained have been uni- 
foimly good and fai superior to the older methods of treatment 

In 1937, the two othei authors of this paper (Lewis and Breidenbach) 
had the opportunity of seeing the application of the Stadei splint in a police 
dog with a fiactuied shaft of the femui The ease of application, the prompt 
and accuiate 1 eduction obtained, and the sim]:>hcity of the instrument made 
a distinct imj:)iession In addition, the fact that the appaiatus would act 
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as a splint during the ensuing weeks while union was taking place, seemed 
a decided advantage 

It was then decided to have a laiger model of the splint manufactured 
for use in the human This was done and, m October, 1937, the first 
patient was treated by this method on the Fourth Surgical Division of 
Bellevue Hospital The patient, W W , had a fracture of both bones of the 
leg, and after application of the splint he was bearing weight on the injured 
limb m two weeks, and walking without the aid of crutches or cane in three 
weeks Impiessed by the ease of 1 eduction and the possibilities of early 
weight-bearing without immobilizing either of the adjacent joints, further 
trial of the splint in fractures of the shafts of the long bones in the human 
was carried out Since 1937, a total of 20 patients have been treated by 
this method The results have been uniformly good, except in three patients 
where infection around one or more of the pins occurred In these cases 
the infection promptly subsided when the pins were removed No osteo- 
myelitis has been obseived, except in the femui case described below, 
although in some patients the apparatus has been on for from 14 to 16 
weeks It has been our custom to keep the splint on until bony union has 
occurred, and this has varied from 8 to 16 weeks Most of the cases have 
been fractures of the shafts of both bones of the leg (tibia and fibula), as 
will be seen in Table I One fracture of the shaft of the femur was treated 
in an old man of 84 This case unfoi tunately succumbed, and because of the 
patient’s age should not have been selected for a trial of the method Some 
seepage around the pins, appearing between the 4th and 6th weeks, and due 
to galvanism between the bone and pm has been seen This has been largely 
overcome since the pm bar has been made of a plastic instead of a metal 
When it does occur, however, it is not of significance and promptly subsides 
after the splint and accompanying pins have been removed at the end of 
ti eatment 

DESCKIPTION OF MECHANICAL PARTS AND FEATURES OF THE 
STADER REDUCTION SPLINT 

The mechanical features of the 1 eduction splints are detailed m Plate I, 
Figures i and 2 

The stainless steel pins (A) are made of a special alloy which is resistant 
to coriosion when embedded in tissue These pins have been permitted to 
remain in situ for as long as nine months, and upon removal were found 
completely free Iroin any coriosion The sharpened end is similar to the 
end of a tiocar, while at the other end, there is a flat surface for the set 
sciev of the pm handle 

In the piocedure of applying the instrument, the pins are placed through 
the desired holes in the pm bar (B) and locked b}’’ means of a set screw (C) 
There are foui holes (K) m each pin bar — the two extra ones being for the 
purpose of selection 
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If there is a shoit fiagmeiit on one end of the fiactiiie, it ina}’- be 
necessaiy to use the two pin holes neaiest to each othei, ivhile on the long 
fragments, the pm holes faither away from each othei may be desired 
The twm pins, when nisei ted thiough the pm bai, foim an angle, and it is 
by this means that a definite contact is established to the bone One of the 
pm assemblies (pm and bai) is placed above the fiactme and anothei below 
the fiactuie 

These tw^o pm bais are then abiidged Iw the extension bai by means of 
the hinge bolts (D) being inserted thiough the laige central hole m the pm 
bar and tightened by means of nuts (E) In oidei to oveicome oveiiidmg 
of the fragments, the extension bar (F), which is m efilect a tuinbuckle, is 
activated by a wiench m such a manner as to cause the pm bais to travel 
away from each other 

By manipulation of the screw’’s (H) which contact the pm bai fiom 
above, accuiate alignment of the fragments m the mediolateial plane can 
be accomplished Nut (E) should be slightly loosened before the adjust- 
ment IS made 

By manipulation of the screw (I) each pm bar assembly and fiagment 
can be accurately aligned m the antei opostei loi relationship 

By activating the above mentioned adjustments, each fragment can be 
manipulated in each and eveiy plane 

After the adjustments have been completed and checked loentgenologically, 
the lock nuts (G) on the extension bar aie tightened fiimly against the hinge 
block (L) This locks the instrument foi both extension and lotation The 
nuts (E) on the hinge bolt (D) are now fiimly tightened and then the set 
screws (I) are firmly set, wdiich locks the remainder of the instrument The 
reduction instrument now assumes the role of a splint 

In order to reduce the weight of the mstiuments, most of the paits are 
made of duialumm, those paits absoibing great stiam are made of stain- 
less steel 

Before going into the detail of surgical procedure, it might be w^ell to 
take up a few general considerations, m older to pictuie to the leader a 
few of the fundamentals m the use of the Stadei i eduction splint If one 
refers to Plate I, Figures i and 2, it will be seen that the pm assemljhes 
are placed as near the extremities of the bone as possible This is exceed- 
ingly impoitant and should be constantly kept m mind The reasons for 
placing the pm assemblies close to the bone extiemities are 

I The first principle 111 treating a fractuie of the shaft of the bone is to 
correct the overiidmg Ovei riding is caused by musciilai contraction 
As the muscles causing the ovei riding, for the most part, have then 
origin and mseition at or near the bone extiemities it seems logical 
to inactivate them at these points When these muscles are inactivated 
m this manner they cannot produce unusual stiains upon the instill- 
ment 01 the bone fi agments wdnch they conti ol 
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2 Some of the seiious objections to placing the pin neai the point of 
fractuie are 

(a) They aie intiodnced into the tiaumatized tissue which is de- 
\itahzed m many instances 

(b) When the pm assemblies aie placed close to the point of 
fiacture the muscle groups have a greater purchase upon the fiacture 
bone fiagments, by virtue of the fulcium pioduced by the instrument 
This, then, thiows gieatei stress upon both the mstiument and the 
fiactuied bone In other woids, one tends to hold the fiacture in 
place by brute foice 

(c) When the pm assemblies aie placed close to the fiactuie it 
IS moie difficult to successfully i educe the fiacture because of the 
pieviousl) mentioned musculai action upon the extiemities of the bones 

The following mental conception of the pioblem may be useful Normall}^ 
an untiactured bone is situated m a musculai fuirow Now, by applying the 
appaiatus neai the extremity of the bone fragments, the fragments tend to 
float within this furrow dm mg the i eduction maneuvers In this way all 
foices under extension tend to assist m reducing the fractuie 

ACTUAL SURGICAL PROCEDURE OF APPLYING THE STADER 
REDUCTION SPLINT 

Careful skin preparation is essential, and the same suigical aseptic safe- 
guaids should be observed as in any suigical procedure on bones The 
splint should only be applied in the operating room, and careful stenhzation 
is of coLiise iiecessaiy 

Placement of the Puis — xAs a geneial lule the upper pm assembly is 
placed fiist Place one of the pms into the j^in handle o: in a flexible shaft 
drill and tighten it flrmly into place with the set sciew Intioduce this pm 
thiough the desired hole m the jiin bar and then hold this assembly in the 
light hand With the left hand, accurately deteimine the point foi pm No i 
to enter Steadying the area with the skin sti etched tow^ard the fiactuie 
by the left hand, the right hand intioduces the pin and by fiim, steady 
piessuie forces the pm thiough the skin and soft tissues on to the outer 
(ortex of the upper fiagment of the bone 

By film pressure and lotation, the pin is fiimly seated into the outei 
coitex Then, by deep palpation upon the medial side of the limb the upper 
fiagment is steadied wdnle the pm bar is bi ought into paiallel alignment with 
the long axis of the upper fiagment by means of slightly alteimg, if necessaiy, 
the angle of mtioduction of the pm wdiicli up to this point has only been 
seated After the uppei fiagment and jim bai ha\e been bi ought into 
parallel alignment, continued piessure and lotation of the pm handle will 
mtioduce the pm through the outer cortex, thiough the medullaiy canal 
and then through the innei cortex Caie should be exeicised so that the 
pin-points definitel)' emerge thiough the inner coitex This can be ascei- 
tamed bj a giadual lelease of resistance as the pm points stait to emerge, 
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as well as by deep digital palpation which ^Mll fiequently le^eal the pin- 
points thioiigh the innei coitex 

The insertion of the pins is difficult in some instances, especiall}’- so 
where the coitex of the bone is unusually thick If this difficulty is met 
with, dulling a hole with a hone dull slightly less m diameter than the pins 
to be used, will oveicome the pioblem The pm is then introduced through 
the tract of the drill, aftei the dull has been withdiawn 

When using a drill it must be passed thiough the pm block m oidei 
that the hole being drilled will assume the proper angle The drill should 
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seat well into the distal cortex and when the pin is inserted it should be 
foiced thiough the opposite coitex by piessuie and rotation 

An alternate method is to inseit the pin into a Magmison motor-driven 
dull handle, adapted to leceive the pm No piehmmary drilling is le- 
quiied, but caie must be taken to see that the pm is not drnen too far 
thiough the distal coitex 

If, 111 the fiist roentgenograms taken aftei the instiument has been applied, 
It IS found that the pins pioject through the distal coitex too far into the 
soft paits, they can be withdrawn to the jiiopei depth 

As soon as the first pm has been inseited the handle is unlocked from the 
pm and anothei pm fitted into the handle The second pin is then introduced 
through the propei pm hole m the same pm bar wfiiile an assistant raises 
the pm bar about one-quarter of an inch above the surface of the skin The 
second pm is then applied m a similar mannei as the first, emerging through 
the mnei cortex as above described 

The second pm assembly is then j^laced in position When all four pins 
have been placed, they should be locked rvith the small hexagonal wrench 
by means of set scieivs m the end of each pm bai 

Applying the Extension Bai — Adjusting screw^s 1 and H should be 
unsciewed so they will not interfere with slipping the extension bar on to 
the pm bars Lock nuts G on extension bai should be loosened so as to 
facilitate extension or contiaction as w^ell as lotation From a strictly 
mechanical point of view theie is no reason why, if one had two inches of 
oveniding in a given fiactuie, the extension bar could not be so adjusted 
that It would slip onto the pin bars with this degree of overriding being 
present, w'lth the idea of then pioceeding to oveicome shortening and then 
the other types of displacements From experience, how'e\er, it has been 
showm that much time can be saved if the operator wnll grasp the pin assembly 
in each hand and manually oveicome as much of the overriding as possible, 
befoie applying the lateral extension bar In this way fully 75 per cent of 
the reduction maneuveis wall be accomplished m 30 seconds time While 
the operatoi maintains this position (Fig 3) the assistant adjusts the ex- 
tension bai to the right lengtn and slips the stud bolts (D) through the holes 
in the pm bai and then proceeds to screw on the nut (E) Before the 
operatoi lets go of the pm bar assemblies, the adjusting screw’^s I and H are 
snugly set with the fingeis only 

Extension — By properlj'^ manipulating extension bar nut (F) the proper 
degiee of extension can be easily secured This can be checked in many 
instances by deep palpation 

Mediolateial Alignment — A mediolateial alignment of either segment 
IS secured by proper manipulation of adjusting screws H Obviously, when 
this adjustment is being made, nut E should be slightly loosened After it 
has been seemed, nut E should be firmly tightened 

Ante) opostc) 10) Alignment — Each segment can be manipulated in this 
plane by set sciews I The patient is then moved to the Radiologic De- 
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partment, where final manipulations aie accomplished either undei fluoio 
scopic guidance or by taking seveial loentgenograms 

The question has often been asked as to whethei the pins should be put 
111 place with the aid of the fluoioscope^ The answei is definitely “No ” 

1 Too much fluoioscop}' would be necessaiy, which would endangei the 
patient and the opeiator 

2 By having an accurate knowledge of the anatomy involved, fluoio- 
scopic guidance is unnecessaiy 



Tig 3 — Showing pins and pm bars in place, and extension bar about to be applied 

3 Sterile suigeiy is impiactical in the Radiologic Depaitment 
A very impoitant factoi in the tieatment of fractuies is to see that fiiin 
impaction of the fragment is seemed As a final adjustment it is well to 
slightly impinge the fiagmented ends upon each othei 

By firmly setting all adjusting sciews, the entire instiument becomes 
locked and now acts as a splint 

CASE REPORTS 

Four typical cases aie leported m some detail These weie selected at 
landom but illustrate some of the advantages of the Stadei splint 

Case 1 — N W , age 22, was admitted to Bellevue Hospital, March 16, 1941, with 
an oblique fracture of the right tibia and fibula A plaster encasement was applied, 
March 16, 1941, and the postreduction film showed excellent position He was dis 
charged, March 19, 1941, with crutches, but without bearing weight On April 2, 1941, 
he returned complaining of severe pain m the leg Roentgenograms showed what usuallj’’ 
happens to an oblique fracture of the tibia and fibula when put in a plaster encasement 
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Fig 6 — Case i Fracture of Tibia and Fibula A Malposition in plaster B Appaiatus m place 
— fractuie reduced C Showing union — apparatus lemoved 

Fig 7 — Case a Fracture of Shaft of Humeius A Before reduction B Apparatus in place 
but fracture not completed reduced C Reduction completed after return to the ward 


The splint was removed No fuithei treatment was necessary Three da 3 "s later the 
dressings on the pm holes weie lemoved and complete healing occurred within a week 
This was an ideal case m that, with complete coopeiation, he lost no time from his 
work and union occuiied m an exceptional!)' short period of time (Fig 6) 

This case demonstiates seveial points 

(1) An oblique fiacture cannot be adequately immobilized m a plastei 
encasement In om expeiience, slipping of the fiagments fiequently 
occiu s 

(2) The fiactuie, in spite of being two weeks old, could still be le- 
duced wath the Stadei appaiatus 

(3) Union occuned lapidly, wnth the fiim mimobdization that tins 
appaiatus afforded 
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Case 2 — G G , male, colored, age 47, was admitted to Bellevue Hospital, De- 
cember 26, 1937 He had sustained a fracture of the left humerus shortl}"- before ad- 
mission, with musculospiral nerve paralysis A Stader apparatus was applied, and 
excellent reduction obtained The splint was removed, March 5, 1938, and the arm 
placed in a sling The pm holes healed promptb^ and he was discharged, March 16, 
1938, with a cock-up splint to correct a wrist drop On Alarcli 21, 1938, examination 
showed firm union at the site of fracture and the pm holes healed The wrist drop 
was treated wutli cock -up splint and galvanic current therapy On June 20, 1938, the 
musculospiral paralysis had almost entirely cleared He had full function of the 
elbow' and shoulder joint, and has remained well and returned to work, w'lth no 
sjmptoms (Fig t ) 

This case sho\is the usefulness of the Stadei apparatus in fractures of 
the shaft of the htimeius 

Case 3 — A D , w'hite, male, age 36, w'as admitted to Belleyue Hospital, August 
30, 1941 He had been hit by an automobile just before admission, and sustained a 
badly comminuted compound fracture at the j inction of the low'er and middle thirds of 
the tibia and fibula I he w'ound w'as adequately debrided, under general anesthesia, 
and a Kirschner w'lre w'as inserted through the oscalcis and skeletal traction w'as 
applied On September 2, 1941, a posterior molded plaster splint was applied w'hile 
m traction, and the traction maintained Three w'eeks later a circular plaster en- 
casement W'as applied ovei the posterior molded splint, after packing the compound 
W'Ound W'lth vaselmed gauze The traction w'as discontinued Roentgenograms showed 
good alignment and the patient was discharged w'alkmg on crutches He w'as re- 
admitted to the hospital on thiee occasions for change of encasement due to the 
profuse discharge and odor The wound w'as freshly packed with yasehne gauze 
at each admission The roentgenograms show'ed the same good position but neyer 
any evidence of callus formation nor an}' evidence of W’ound healing At the end of 
seven months, in March, 1942, roentgenograms show'ed no callus, and the w'ound w'as 
draining a large amount of pus It w'as felt that the lack of healing w'as probably 
due to the fact that the plaster encasement did not give a sufficient and adequate im- 
mobilization In an effort to obtain more rigid immobilization a Stader splint was 
applied Active motion w'as started in the knee and ankle joints, as these jomts 
w'ere badly stiffened due to the long period of plaster immobilization He was dis- 
charged from the hospital w'lth a dressing on the compound w'Ound, bearing some 
w'eight and being treated with occupational therapy for joint mobilization The joint 
function has lmpro^ed 75 per cent The compound w'ound showed rapid, progressive 
healing after the splint was applied The discharge from the w'Ound diminished rapidly 
and the dressing needed to be changed only eveiy tw'o weeks The denuded bone 
covered rapidl} w'lth granulation tissue Roentgenograms, on May i, 1942, showed 
a fair amount of callus formation 

It was with great hesitancy that the Stader apparatus }\as applied in 
this case because of the infection piesent at the fracture site The firm 
immobilization which the Stadei splint pioduced alloived the infection to 
subside, 1 educed h3peiemia, and helped callus formation The seven months 
of immobilization m plaster caused seveie stillness of the knee and ankle 
joints and atiophj of the muscles Mobilization of these joints was possible 
aftei the application of the splint Muscle atiophy w'as corrected by weight- 
bearing and actne motion at the knee and ankle joints 

Case 4 — A B , male, age 52, w'as admitted to the hospital October 26, 1940 
Two hours before admission, he had sustained a fracture of the lower third of the 
left tibia and fibula A plaster encasement was applied but the position of the frag- 
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merits was unsatisfactory A Stader splint \vas then applied Due to the small 
lower fragment, it was impossible to apply two pins in the usual fashion The splint 
was then modified to fit this problem by changing the shape of the pm bar so that 
one pm could be inserted m the lower fragment in an anteroposterior direction and the 
second pm in the lower fragment could be applied in the usual manner A curved 
pin bar was made to fit over these pins The pins in the upper fragment were applied 



Fig 8 — Case 4 Fracture of Tibia and Fibula, with a Short Lower Tibial Fragment 
A Before reduction 

B and C Reduction with Stader splint 
D and E Showing union, with apparatus leinoaed 

m the usual manner and the standard extension bar fitted to the two pm bars Ad- 
justments weie made and good anatomic alignment secured The patient walked early, 
but the apparatus had to be left in place for 210 days before solid union occurred 
No further treatment was necessary as the knee and ankle joint had normal range 
of motion and the pm holes healed in six days (Fig 8 ) 

The solution of reduction and splinting of fractuies veiy low in the shaft 
of the tibia and fibula could not be accomplished wnth the oiiginal apparatus 
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as the bone space \\hich the two lowei jjins would have to occupy vas too 
short The apparatus vas then modified to be able to appi} this method 
to the ver}'’ low fractuies with short lower fiagments 


Table I 


STATISTICAL DATA OF 20 CASES TREATED MTH THE STADER SPLINT 
Dajs 

Apparatus before 


Name 

SeA. 

Age 

Fracture 

in Place 

Union 

F eepage 

Infection 

Complications 

End Result-r 

E S 

M 

53 

Tibia S. 
fibula 

9/20/38- 

12/6/38 

77 

Flight 

4 pins 

None 

None 

4-4-4 

w w 

M 

43 

Tibia S. 
fibula 

10/29/37- 

1/27/38 

91 

Flight 

2 pins 

None 

None 

4-4-4 

J M 

M 

53 

Tibia &. 
fibula 

2/2/38- 

6/5/38 

124 

None 

None 

None 

4-4-4 

M S 

F 

52 

Tibia &. 
fibula 

10/25/38- 

2/23/39 

122 

Upper 

pin 

None 

None 

4-4-4 

L H 
(Fig 9) 

M 

53 

Tibia S. 
fibula 

1 1/8/38- 
1/23/39 

76 

None 

None 

None 

4-4-4 

J L M 

(Fig 10) 

56 

Tibia & 
fibula 

(compound) 

11/2/38- 

3/27/39 

145 

None 

None 

None 

4-4 4 

G G 

M 

47 

Humerus 

12/26/37- 

3/5/38 

69 

None 

None 

Musculosp ral 
pariNsis 

4-4-4 

A B 

M 

52 

Tibia &. 
fibula 

10/30/40- 

6/11/41 

320 

None 

None 

None 

4-4-4 

H S 

M 

43 

Tibia &. 
fibula 

2 separate 
fractures 

12/21/41- 

4/1/42 

102 

Upper 

pin 

None 

Intertrochanteric 
iracture pubic 
fracture alcoholic 
psychosis 

4-4-4 

J H 

M 

43 

Tibia &. 
fibula 

4/6/41- 

6/29/41 

84 

Lower 

pin 

Abscess about 
lower pin 

None 

4-4-4 

F G 

M 

28 

Tibia 8- 
fibula 

4/2/40- 

7/10/40 

99 

None 

None 

None 

4-4-4 

J B 

J B 

A D 

F 

M 

M 

38 

70 

36 

Tibia S- 
fibula 
Tibia &. 
fibula 

(compound) 
Tibia S. 
fibula 

(compound) 

4/6/40- 

6/24/40 

2/21/42- 

present 

3/24/42- 

present 

80 

None 

Three 

upper 

pins 

Upper 

pins 

None 

None 

None 

None 

Diabetes 

Compound 

fracture 

4-4-4 

N W 

M 

22 

Tibia S- 
fibula 

4/2/41- 

6/9/41 

68 

None 

None 

None 

4-4-4 

M M 

F 

34 

Tibia &. 
fibula 

10/30/41- 

1/3/42 

65 

None 

None 

Syphilis 

4-4-4 

J c 

M 

48 

Tibia S. 
fibula 

2/7/42- 

4/23/42 

76 

Low er 

pm 

Abscess 

Abscess app 
removed 4/23 '42 

4-4-4 

R K 

M 

36 

Tibia R 
fibula 

11/29/37- 

3/31/38 

123 

Low er 

pins 

None 

Frac malleoli 
tibia and fibula 
frac skull 

4-4-4 

C G 

M 

81 

Femur shaft 

11/14/37- 

12/22/37 


Upper 

pins 

Absce's about 
upper pin 

Osteomyelitis 

Osteomyelitis 

Death 

Death 

M J 

M 

54 

Tibia S. 

4/26/40- 

65 

None 

None 

None 

4-4-4 


fibula 6/30/40 
(compound) 

* The end-results ha\e been estimated according to the Massachusetts General Hospital classification 
This estimation is made on an anatomic economic and functional basis 1 = 2a% of normal, 2 = 50% ol 
normal 3 — 75% of normal, and 4 = 100% of normal 


The headings in Table I aie self-explanator}' The column marked 
seepage does not indicate infection It means that at the junction that 
the pm made with the skin theie was a small amount of serous discharge, 
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which usually foimecl a ciust about the pin When the pin was removed 
healing occurred within a few weeks Since the pin bai has been made of 
a plastic instead of metal the seepage has decreased so that there aie lo 
cases in which no seepage took place 

This seepage is due to galvanic cuiient set up b} the use of two diffeient 
metals, the pin being stainless steel and the pin bai dm alumni The electi ical 
potential as measuied by a galvanometer with the two different metals 
was as follows 

Between the ist and 2nd pins 3 5 units 

Between the ist and 31 d pins 25 “ 

Between the ist and 4th pins 4 “ 

Betw^een the hai and ist pm 15 “ 

635 



LEWIS, BREIDENBACH AND STADER 


Annals of Surgery 
October 1942 


Between the bar and 2nd pm 15 “ 

Between the bar and 31 d pm 15 “ 

Between the bar and 4th pm 15 “ 

The same readings made with the plastic material foi pm bais weie 
Between the ist and 2nd pins 05 units 

Between the ist and 3rd j^ins 02 “ 

Between the 1st and 4th pins 02 “ 

Between the bar and ist pm o “ 

Between the bar and 2nd pm o “ 

Between the bar and 3rd pm o “ 

Between the bai and 4th jiin o “ 

In othei w'ords the metal-to-metal contact gives a high dielectric value, 
wdiereas with a mateiial of high insulating value the electiical potential is ml 
There w'ere three leal infections, m tw^o of w^hich abscesses formed and 
had to be incised and diained The}' healed quickly after incision, without 
any evidence of osteomyelitis One infection, the femur case, resulted 111 
severe infection with osteom}ehtis and death In this patient, an old man, 
age 84, the dressings and the pins w'ere continuously contaminated wnth 
urine and feces, due to involuntary mictuiition and defecation The patient 
w'as constantly picking at and lemovmg the dressings, so that it w'as im- 
possible to avoid secondaiy contamination of the pm wounds 


CONCLUSIONS 

(1) A new' splint foi 1 educing and immobilizing fractures of the shafts 
of the long bones is piesented 

(2) Early transportation of the patient is possible, as contrasted to the 
impossibility of early transportation wheie ti action suspension is used This 
IS of impoitance m liombed areas, either m civil or mihtaiy surgery 

(3) The splint is simple to apph , and coirection of malposition of the 
fiagments is possible m all three planes of space even up to the time that 
fibrous union has occurred 

(4) Early weight-beaimg and continued use of the contiguous joints is 
permitted and uiged and this prevents muscle atrophy and stiffening of the 
joints from occurimg 

(5) After-treatment is reduced to a minimum as muscle strength is re- 
tained and joint function earned on 

(6) Seepage around the pins is usually due to galvanism and not to 
infection It is not an indication foi removing the pins unless accompanying 
signs of inflammation are present 

REFERENCES 

1 Schanz A Munchen med Wchnschr, 69 , No 25 930-931 June 23, 1922 
-Riedel, G Zentralbl f Chir, 57 , No 2, 84-86, January n, 1910 
■' Schanz, A Arch f klin Chir , 69 , 494-517, 1932 
■* Stader, O North Am Vet , 18 , No i, p 52 

' Idcvi North Am Vet , 20, No i, p 55 

Idem North Am Vet , 20, No 2, p 54 

■ Idem North Am Vet , 20 , No 3, p 62 

*' Parkhill C Trans Amer Surjr Asso , 15 , 251, 1897 
’'Freeman, L Annais oi- SuiCER'i, 70 , 231, 1919 

636 



BRIEF COMMUNICATION 


A NEW RECTOSIGMOIDAL BIOPSY FORCEPS 
Robert Turell, M D 

Nfw York, N Y 

The instrument, illustrated in Figiiie i, is designed primaiily foi ob- 
taining rectal and sigmoidal biopsy specimens This biopsy specimen forceps 
embodies several new features The shaft wnth the cutting jaw's at its 
distal end has a rotating mechanism with a locking device near the handle, 
permitting 360 degrees rotation of the jaws Thus, the shaft of the forceps 
can be rotated so that the cutting jaws will face diiectl)'- a suspected lesion 
located anywhere m the circumfei ence of the lectum or sigmoid (Fig 2) 
Furthermore, the cutting jaw mechanism operates at an angle of about 
30 degrees from the axis of the shaft and consists of a stationary and a 



moving jaw, the latter opening and closing sidewnse (Fig 2A) The side- 
wise opeiation of the moving jaw makes for better visualization of the tissue 
engaged m the cutting jaws until they are closed (Fig 3) , this is especially 
true m the case of the small polypoid lesions Thus, with this biopsy speci- 
men forceps, mucosal excrescences and small sessile or pedunculated adeno- 
mata can be removed for microscopic study with ease and safety prior to 
fulguration * 

I have emphasized the clinical importance of these lesions in a recent review of the 
literature (Am J M Sc, 202, 282, August, 1941) by showing that many authorities 
regard mucosal excrescences and polypi of the rectum and sigmoid as precursors of 
frank malignancies in certain cases 
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The biopsy foieeps heiein clesciibed is equipped ^\ltb scissors handles 
to appl)'^ positive pressure for opening and closing the jaws The moving 
jaw fits inside the cutting edge of the stationaiy one, thus assuring a clean- 
cut specimen by the sheaimg action of the jaws, no overhanging lips interfere 
with the clean excision of tissue The jaw' capacity is ample, the stationary 



Tig 2 — iSagittil section showing the renio\al of a small sessile poljp with forceps (A) Showing 
angle of jaws of forceps as viewed from above 


jaw" has two openings to pi event the crushing and distortion of the specimen 
At the same time the bars formed betw^een those openings prevent the loss of 
the excised specimen The instiument is sturdily built and is manufactured 
in difterent woiking lengths, the one illustrated here is 40 cm long 

Jily thanks are due to Atr F C Wappler and Mr H S Rubens, of the American 
Cvstoscope Alakers, Inc, New York, N Y, for their technical advice, and to Air 
W P Didusch for the illustrations 
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RECTOSIGMOIDAL BIOPSY FORCEPS 


LukI aorraection. 
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Fig 3 — (A) Actual vieu of tumor in leHtion to the jaws of forceps (B) View of tumor 
in still (C) ‘\ppearance of base of tumor after remoaal (D) Appearance of base of tumor after 
coagulation 
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BOOK REVIEW 

Intestinal Obstructions (Second Edition) By Owen H Wangen- 
steen, M D 

Published by Chailcs C Tlwuias — 1942 

A second edition of Wangensteen’s monograph on Intestinal Obstruction is timelj' 
because of certain contributions, such as those of Miller and Abbott, which have been 
made to the subject since the publication, in 1932, of the manuscript for which he was 
awarded the Gross Prize 

That all of these leports in literature have served to confirm and develop Wangen- 
steen’s thesis of intestinal decompression is indeed remarkable, but in this second edition, 
and in the same masteilj way as in the first, he presents all the phases of the problem — 
etiology, mechanism, and treatment 

In the discussion of the treatment he can now better evaluate the indications for 
and the dangers of intestinal decompression by tubes, because of his evpenence and that 
of others during the intervening ten years His statement, that it must be realized both 
by the internist and surgeon, that there is a limit to the use of conservative decom- 
pression beyond which it is unjustifiable to delay surgical intervention, must be accepted 
as authoritative 

To make such a vital decision requires complete collaboration on the part of the 
internist and the surgeon, and Wangensteen makes this perfectly clear in this “new 
testament” ot his original essay, which is without question essential as a supplement 
to the first edition, and also as a summary of oui present knowledge of the problem 
of intestinal obstruction 

Walter Estell Lee, M D 


EDITORIAL ADDRESS 

Original typed manuscripts and illustrations submitted to this Journal 
should be forwarded prepaid, at the author’s risk, to the Chairman of the 
Editorial Board of the ANNALS OF SURGERY 

Walter Estell Lee, M D 
1833 Pine Street, Philadelphia, Pa 

Contributions in a foreign language when accepted will be translated 
and published in English 

Exchanges and Books for Review should be sent to James T Pilcher, 
M D , Managing Editor, 121 Gates Avenue, Brooklyn, N Y 

Subscriptions, advertising and all business communications should be 
addressed 

ANNALS OF SURGERY 
East Washington Square, Philadelphia, Pa 
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Colored photogr-iphs of t. burn treated by the author’s technique 
The top picture shows a three da> infected superficial burn of the face and slightly 
deeper bum of the dorsum of the hind and wrist This picture was taken on the da> 
following night admission the burn haMng been cleaned and dressed during the night 
The dressing was remo\ed for the picture Below it are pictures of the face on the 
4th and 12th da\ after admission when healing was complete, and pictures of the hand 
on the 4th 8th and 12th da\s, when epithelization was complete and only a piotectue 
cotton gauze was needed 
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A PEACTICAL CONCEPT FOR THE TREAT^MENT OF 
IMAJOR AND ISIINOR BURNS 

THE IMPORTANCE OF TIMING THEREIN 

Filvser B Gltrd, D , C , Dougl vs Ackman. ISI D , C , F R C S (C ) , 
John W Gerrie. iMD,DDS,CM,DLO, and J E Pritchard, jM D 

MoXTRK VI , Cax V1> V 

FROM THE MONTREVL GENERVL HOSPITVL VXD MCGILI U\1\ERS1T\, MONTREVl, CVNVDV 

The m vnagement or the mciim of seveie burns has alwavs piesentcd 
one of the inaior piohlems of suigical expenence Dining, and since the fiist 
phase of the Woild Wai I, 1914-1918. main suigeons and iin estigatois de- 
voted much time and effort to a stud} of the pimciples and details of such 
management These investigations have had toi then aim the prescivation of 
life and return to useful citirenship of the v ictims of such misfoi tunes vv ith as 
little loss of time as possible That the attainment of either of these desidei ata 
IS not easy 01 ceitain is attested to bv the fact that theie is still no unanimit} 
of opinion as to the best method of local tieatment 

The present conflict has hitherto been chaiactenred hv an enoimous m- 
ciease in binned persons These cases have been the lesiilt of an aeiial bom- 
bardment of civilians, fire in the cockpit 01 fuselage of airciatt, oil and flash 
burns on shipboaid, both meicantile and naval, and as the lesnlt of the gen- 
eral emplovment bv all combatants of tanks It is piobable, 11101 eovei, that in 
the very near future flame thiovveis and the emplovment of coiiosive gases 
vv ill present furthei problems 

In an attempt to elucidate the piohlems indicated above, there have ap- 
peared. more especiall} since the present phase of the war began, manv pub- 
lications by proponents and piotagomsts of seveial essentialh difteient tech- 
niques some new and some pieviouslv prov'en methods Among these diilei- 
ent methods the more impoitant are probablv tannic acid with or without silvei 
nitrate as an adjuvant, triple dve jelly or solution, normal sodium chloiide 
solution and/or hvpochlorite emploved as bath, compiess 01 bag (Bunvan') ^ ‘ 
Needless to sav , the introduction of sulfonamides has been tested bv numerous 
surgeons and experimental workers It would appear that 111 the hands of 
those thoroughlv trained in the indiMdual techniques each of these methods 
may be used vv ith profit 

It is not our intention in this communication to add to the confusion w Inch 
to a certain extent envelops the subject It is 0111 purpose, however, in a 
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modest fashion, to outline a method which, in our hands, has proven itself to 
be satisfactory, simple and safe This definite plan of treatment is comprehen- 
sive enough to include the use of any well recognized and accepted therapeutic 
principle 

We wish, at the outset, to emphasize the necessity for having such a plan 
for the treatment of major burns, whether in the armed services, or in civil 
industrial practice, especially m the emergent situation of today The plan 
we have adopted at the Montreal General Hospital is based on “timing” as 
understood in all modern treatment This is not a new principle Perhaps 
It has hardly been emphasized enough in scientific medical teaching We sub- 
mit that, for the successful practice of surgery today, constant practical appli- 
cation of accurate timing in treatment is essential It is as necessary in the 
medical world as in all phases of modern life whether in war or peace Our 
plan IS outlined in some detail m the accompanying illustrations, charts, and 
tables It has been employed successfully at the hospital for several months 
The history of modern burn treatment may be roughly divided into four 
consecutive periods , each merging into the other , each marking an advance in 
knowledge, all resulting in progressive and continuous improvement in mor- 
tality percentage , and in local functional and aesthetic results These deduc- 
tions are well shown in the statistics from leading clinics The periods re- 
ferred to are 

(1) That previous to the adoption of tannic eschar treatment 

(2) The period marked by the adoption of the principle of tannic escar 
treatment as suggested by Davidson (1925) 

(3) The period following this, maiked by full recognition of the role 

of shock,®’ and the gradual development of 

means to combat it , in particular the controlled use of blood sub- 
stitutes This period actually began much earlier but has only 
been generally recognized during the last decade 

(4) The period subsequent to the introduction of sulfonamide therapy 
for topical application — about 1940 

The improvement during these periods was well shown by Farmer,^® in 
a recent paper read before the American Association of Surgery of Trauma 
m Boston, with percentages of 35-16-11 and 2 5 per cent for the corresponding 
periods at the Sick Children’s Hospital, Toronto, Canada The improvement 
in morbidity and functional results is just as striking On this side of the 
problem certain details of local treatment have played important roles, 1 e , 
the impoitance of early skin grafting, and the abandonment of restrictive 
eschar treatment on hands, fingers, etc 

When and where the above facts are fully realized, the surgeon will see 
that any attempt to substitute or revise any phase of burn treatment must take 
full cognizance of these factors In full recognition of this, we have planned 
our treatment to include the basic principles above mentioned, and timed the 
plan to anticipate each of the problems commonly met with in turn, namely 
(i) Shock, during the first 24-48 hours, (2) Toxemia, from the second to 
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the fifth day (3) Sepsis during the subsequent ^\eek oi ioda}s (4) Finalh, 
scarring and contractures (See Table III for details) 

At this point, It IS necessary to refei to sevei al features of the bui n pi ob- 
lein which have such direct beaiing on lesults that they may influence the 
suigeons’ treatment 

(1) The extent of surface area of the bum — In this connection, the 

recent tendency to divide the burns into majoi and problems, 

as encouiaged 111 Britain particularly, has helped to simplify mat- 
ters (Berkow’s Tables® aie used 111 our suiface estimations) 

(2) Impoitant as the foiegoing is, it must be modified 01 qualified, at 
once, by reference to the agent responsible for the burn, such as 
actual fire, hot liquid, electricity, chemicals, radiant heat, hot 
metals, etc In this connection the length of exposure to the burn- 
ing agent must also be considered These comments lequiie no 
elaboration to the initiated 

(3) The well known compaiative severity of bums in childien 

(4) The elapsed time between the burn and treatment In major bums 
this may be extremely important as regards shock, and 30 min- 
utes may be said to be a long time under the best conditions 
Minor bums, on the other hand, frequently are neglected foi sev- 
eral days, when infection and its consequences may change them 
into more serious problems 

(5) Other factois contributing to shock, such as exposure to the ele- 
ments, fatigue, exhaustion, lack of food and watei , etc , particu- 
larly in the fighting sei vices 

(6) Concomitant mjuiies may be sevei e and greatly complicate treat- 
ment Burns ui the air force or air accident crashes frequently 
present very serious and even fatal injuiies of othei kinds 

(7) The type and extent of first-aid caie, paiticularly as regaids exclu- 
sion of air and maintenance of body wai mth 

(8) Finally, with legard to the depth of the burn and the various classi- 
fications used to describe this The writeis believe that the only 
decision needed is whethei skin-giaftmg will be necessary or not 
Therefore, as it is difficult, if not impossible to gauge the depth 
accurately in the early stages, the arguments regaidmg different 
classifications seem superfluous Wakeley^^ has pointed out that 
five days is the minimum foi recognition of depth 

PROCEDURE IN MAJOR BURNS OF THERMAL TYPE 

Having regal d foi the above facts and pieviousl}'^ mentioned sequence of 
complications to be anticipated, the timed schedule of treatment is carried out 
as in Table III To do this most effectively requires careful prearranged or- 
ganization of peisonnel, equipment, and supplies 

Regarding personnel, it has been found best to have separate burn and 
shock teams, each composed of one attending suigeon, one resident and mteins, 
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all operating under a senior surgeon Trained graduate nurses and orderlies 
are also part of our set-up Equipment includes special burn tents shown in 
Figures i and 2 Supplies should include an adequate amount of stored plasma 
or serum, tannic acid, silver nitrate, 5 per cent sulfathiazole emulsion and 4" 
X 6” cuts of I 01 2 Mm cuitain-mesh 

On admission, the major bums aie placed at once m the bum tent, and the 
temperatui e gradually, not rapidly, raised to 80° F The shock team functions 
first, estimating the hemoconcentration, and immediately administeimg plasma 
diluted 50 per cent by saline This is done by a continuous drip m a cut-dow n 
intravenous, via the long saphenous vein at the ankle A cannula, and not 
a needle, is used as a routine It may be necessary to milk the plasma into the 
vein at the start We have evolved a special double rollei for this put pose 

When the above measures have been instituted, usually about one houi 
after admission, local treatment is begun Operating room technique is used 
m the ward, m the tent bed, and only very rai ely is anesthesia employed Moi - 
phine gr 1/4 is admimsteied on admission and repeated during the first hour 
if necessary (synergistic effect) For large suiface areas (tiunk 01 thigh), 
wdien life-saving is involved, tannic acid-silver nitrate eschaU’ is used So 
far, we have not found a better type of eschar In all critical ai eas, in moderate 
areas otherwise, and for all minor burns, we are using a thick pressure-type 
dressing A mask is used for the face We have modified the diessing 

by using a basic dressing of 5 pei cent sulfathiazole oil m w^atei emulsion (M 
G H formula), as desciibed 111 detail by one of us (Ackman)h - m 1942, and 
has been found to be a highly successful method of pi eventing infection, 01 
controlling it in delayed, contaminated, or actually infected cases The details 
of the development and pieparation of the emulsion, as well as our experience 
with It 111 burn theiapy, and othei surgical practice, have been desciibed in 
the hteiatuie this yeai “ 

The topical use of sulfonamides in ciystalhne form, in pow^dei, paste, sus- 
pension or emulsion, is already w^ell established, so much so that to eliminate 
this foim of treatment 111 burns w'ould be a backw^ard step Befoie applying 
an eschar it is possible to pow^der a burned surface, and similar tieatment may 
be used at other times In critical areas, for all practical pui poses, w^e have 
found the M G H emulsion offers a particularly satisfactor}’- adjunct to pres- 
sure dressings The bacteriostatic action prevents or controls infection and, 
because of this, the frequency of the redressing may be timed It is usuall} 
possible to leave the original dressing or for at least one w^eek wnthout dis- 
conifoit and with little odor, moie often none Moieover, this emulsion dress- 
ing affoids a single continuous form of treatment from first-aid to final heal- 
ing. even -with giafting 

Local tissue concentrations of sulfathiazole are surprisingly high, 120 mg -|- 
per cent in 24 hours , blood levels are low^ and fleeting (maximum 3 5 m one 
houi) even with large amounts (10 ounces) of the emulsion We recognize 
as have othei s, the anesthetic action of the sulfonamide, akin to the effect of 
benzocaine 
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It IS ii)teiesting to note that when pnmaiy debridement is complete the 
emulsion dressings may be left in place for as long as two weeks without dis- 
advantage On the other hand, should the burned aiea require some revision 
or inspection dm mg the first few days, as when progressive skin separation 
occurs, redressing is comparatively painless and free from bleeding The use 
of the basic “sulfamesh” is an important factor, which permits inspection of 
the burned area at any time, and it need not be changed The sulfathiazole 
emulsion dressing, with its strong bacteriostatic action, materially assists early 
healing of superficial burns (6-7 days) In deeper burns, it permits early 
skin grafting and thus hastens the timing schedule 

We find the use of the emulsion facilitates the softening and separation of 
slough m severe cases It is not necessary in these cases to completely replace 
and renew the basic “sulfamesh” dressing Generally speaking we find it quite 
sufficient to supply additional emulsion on the renewed gauze layer 

The M G H emulsion, we believe, has distinct advantages over any other 
medium hitherto presented It is simple and clean to handle It offers econ- 
omy in nursing and medical attention, and in the materials required Its 
constituents are readily available and inexpensive Sterility tests are negative, 
while its stability at extremes of temperature has been proven The anes- 
thetic effect IS noteworthy 


EbtULSION SULFATHIAZOLE 5% (m G H FORMULA) 


Sulfathiazole (finely powdered) 

5% 

Triethanolamine 

2% 

Distilled water 

24% 

White beeswaM 

5% 

Liquid paraffin 

64% 


TECHNIQUE 

Step-by~Step Procedure 

1 Treat shock first (See Table III for details) 

2 With aseptic technique, cleanse burned area with soapsuds made from 
castille soap — without anesthesia 

3 Wash with saline 

4 Apply single layer of 4" x 6" “sulfamesh” strips'*" (1-2 Mm mesh), 
prepared beforehand or at time of treatment Individualize fingers, etc (This 
basic dressing may be left on at redressings) Mask is used for the face 

5 Apply over this ordinary gauze dressings of 3 — 4 thicknesses, genei ously 
impregnated with emulsion Do not individualize fingers, etc (Fig 3) 

6 Pressure dressing, with cotton waste outside this Do not individualize 
fingers, etc 

7 Wrap in sterile towel or towels 

8 Bandage firmly, with 4"-6" flannel or flannelette bandages cut on the 
bicis,^ or dressing gauze roller bandages 4~^ layers in thickness, or ordinary 
roller bandage if the former are not available (Fig 4) 

* Cut from curtain material of i or 2 Mm mesh In Canada called English cur- 
tain-mesh May be obtained from T Eaton Co Ltd 

t Suggested by Dr J Carl Sutton of our surgical staff 
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9 A plaster moulded splint is added for hand, forearm, cic in the func- 
tional position (Fig 5) 

Steps 6, 7, 8 and 9 minimize contamination Note In rediessing, at 
whatever date, the “sulfamesh” is not changed unless debiidement is indicated 
This technique reduces pain and bleeding to a minimum, and permits remo^ al 
of outer dressings to be performed more easilj^ 


Tig 3 



Fig 4 





Fig s 

Fig 3 — Showing basic "sulfamesh” dressing 
Fig 4 — Showing completed burn dressing 

Fig s — Showing completed burn dressing with posterior plaster mould 
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Table I 

SUMMARY or DATA OF 120 CASES OF BURNS TREATED 


Numbar of major burn cases 31 

Number of minor burn cases gg 

Total number of burn cases 120 

Thirty-one major burns as above — 2nd°* only 19 

Mixed 2nd° and 3rd° 12 

Healing time of 2nd‘’ burns Longest 18 days 

Shortest 6 days 
Average 7 — 10 days 

Healing time of 3rd° burns Longest 66 days 

(Including skin grafting) Shortest 21 days 

Number of skin grafts (split grafts) 15 

(100% ‘take’ in alt cases) 

INFECTIONS 

General sepsis after treatment None 

Local sepsis after treatment None 


Pretreatment infections resulting from delayed admission — IS All controlled by first dressing (One 

only Staph pyogenes hemolyttcus with some difficulty Sulfathiazole-resistant type)^^ 


COMPLICATIONS 

Deaths None 

Number of sulfonamide rashes Two 

(Corrected by switch to 10% sulfanilamide emulsion) 

Number of toxic fevers None 

* Classification used — three degrees only 


Table II 

LABORATORT INVESTIGATIONS SHOWING THE CONCENTRATION OF SULFATIIIAZOLE 
IN LOCAL TISSUES TREATFD WITH THE M G H EMULSION 
Dressings not Changed 


Clinical Cases 
24 hours 
48 hours 
72 hours 

4 days 

5 days 
7 days 


Elapsed Time after Treatment — ^Average of Estimations in Mg Per Cent 
(Total Sulfathiazole Only) 


M G H Laboratory 
120 mg per cent 
78 mg per cent 
45 mg per cent 
34 mg per cent 
30 mg per cent 
28 mg per cent 


Independent Laboratory* 
124 mg per cent 
76 mg per cent 
43 mg per cent 


Laboratory Animals 
24 hours 
48 hours 


M G H Laboratory 
122 mg per cent 


Independent Laboratory* 
129 mg per cent 
65 mg per cent 


BLOOD I EVELS OF SULFATIIIAZOLE IN LOCAL TISSUES TREATED W/TH THF M G H EMULSION 

Dressings not Changed 


Clinical Cases 

1 hour 

2 hours 

3 hours 
12 hours 
24 hours 


M G H Laboratory Independent Laboratory* 
Total 3 5 mg per cent — 

3 1 mg per cent — 

3 0 mg per cent — 

1 3 mg per cent — 

None to trace only — 


Laboratory Animals 

1 hour 

2 hours 

3 hours 

4 hours 

5 hours 

6 hours 


12 1 rag per cent 
7 6 mg per cent 
3 5 mg per cent total 
1 5 mg per cent 
Trace only 
None 


* These independent laboratory experiments were maintained through the courtesy, 
cooperation and material assistance of Messrs Charles E Frosst & Company, Mon 
treal Canada 


648 



TABLE III 


GENERAL 

TREATMENT 


SHOCK TEAM 

24-hr service 


UNDER 

SUPERVISION 

SENIOR 

SURGEON 


TIAUNG IN THE HOSPITAL TREVTMLNT 
THE MONTREAL GEXER\L II 
PERIOD OF SHOCK 48 HOURS I 



FIRST HOUR 


FIRST 24 HOURS 


SECOND 21 HOURS 


HYPO MORPHINE 34 CONTINUE MORPHINE AS ALVY BE INDICATED DURING THIS 

GR REPEAT IN THE PERIOD 

HOUR 

CORTIN 25 CC IN EXTREME CONTINUE CORTIN INTR.\- 
CASES MUSCULARLY 10 CC Q G H 

AS INDICATED FOR 3 OR 4 
DAYS 

SERUM OR PLASMA CONTINUE TO A MINIMUM OF 2,000 CC (PLASMA OR SERUAl) 
IN AMTS OF 500 for 10% BTHIN IN 48 HRS CONTINUOUS INTRAVENOUS DRIP 
CC CONTROL THE AMOUNT OF SALINE AND SERUM OR PLASMA Bl 

HEMOGLOBIN READINGS 


HEAT — DEVELOP 
SLOWLY TO 80° 
UNDER TENT 


ATS 1,500 UNITS 


WATER BY MOUTH CONTAINING CARBOHYDRATE FOR FLUIDS AS TOLERATED 
FIRST 24 HOURS 

OXYGEN ENDOPIIARYNGEAL TUBE 


‘-rn \ 

M M 
C\T1 

SI LI 
OLs 
LIUN 
1 GI 

HI Ot 
IMI' 
GIA < 
HI Of 


1 LT i 
( (' 1 


INTRAVENOUS 
GLUCOSE SALINE IF 
NEEDED 


ENEMA 


LOCAL 

TREATMENT 


BURN TEAM 


UNDER 
SUPERVISION 
OF SENIOR 
SURGEON 


DELAYED UNTIL 
INTRAVENOUS 
SHOCK TREATMENT 
BEGUN AND EFFEC- 
TIVE 


DEBRIDEMENT 


WITHOUT ANESTHETIC 
TRUNK, THIGHS, LEGS, FEET, 


ARMS, FOREARMS 
SPRAY WITH 10% TANNIC ACID 
FOLLOWED BY 10% SILVER 
NITRATE REPEAT Q H 

UNTIL TANNED 

CRITICAL AREAS — SULFATHIA- 


ZOLE EMULSION DRESSINGS 


DRESS AND DEBRIDE ON 2ND 
DAY ONLY IF INDICATED 


LMB 

API’ 

LMl 


LABORATORY 

EXAMINATIONS 


HEMOGLOBIN 


ESTIMATION 

OR 

HEMATOCRIT 


OB 

R B C COUNT 



REPEAT Q 1 H UNTIL HEMO- 
CONCENTRATION CONTROLLED, 
AND THEREAFTER AT LEAST 
Q 4 H 


CULTURE OF BURNED SURFACE 


(before treatment) 




1 

CLINICAL DATA 

ADSUSSION T P R 

CHART 

Cir^RT 


PULSE Q 1 H. 

BP Q 1 H 

HEMOGLOBIN % Q. 1 H — ■ 
4 HRS THEN Q 4 H 

TEMP Q 4 H 

INTAKE AND OUTPUT DAILY 


BLOOD CHEMISTRY 
TOTAL PROTEIN (aLB AND 
GLOB ) 

CHLORIDES 

SUGAR 

COo CO^IB POM ER 
CULTURES WITH DRFg’^ING*-^ 

URINALTSIS 
T.P R Q 4 H. 

B P, and P. CHART 

Q 1 n 


rS'TAKF 


and OLTPt T n*ILT ■ U'T' 
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LABORATORY INVESTIGATIONS OF THE EMERSION 

Moleculai solubility of sulfathiazole in the emulsion, as checked in both 
M G H and an independent laboratory — 5 5% (in water phase) 

Compared with molecular solubility in a mixtuie of vater and 6% trie- 
thanolamine alone — 3 9%' 

Compared with moleculai solubility in water alone 007% 

It wull be seen that sulfathiazole in the emulsion has a moleculai solubiht} 
800 times greatei than 111 w'atcr, due, by inference, to the triethanolamine The 
experiment indicates that 2% tiiethanolaniine dissolved in the water phase of 
the emulsion holds a molecular solution of sulfathiazole 111 the emulsion of 
over 5% Since the emulsion contains 24% of wateiy phase, and this w^atery 
phase holds 5 5% of sulfathiazole, then the total sulfathiazole in solution in 
100 Gm of the emulsion is 24 x 5 5 i 32 Gm , wdiich, in turn, repiesents 
26% of the total sulfathiazole piesent in the emulsion 

Fiom the above expeiiments it wull be seen that the 5% M G H emul- 
sion, while allownng for a lemarkably high molecular concentiation of sulfa- 
thiazole, actually has a veiy satisfactory and piolonged curve of dehveiy into 
the adjoining tissues These expeiimental and clinical results indicate the 
superiority of an emulsion base ovei ordinal y ointment bases 

GRAFTING OF BURNED AREAS 

Holt) Organized Timing Permits Early Skin Grafting 

Modern bum tieatment aims at an assessment of the burn damage as soon 
as shock and toxemia have passed, and the immediate start of reconstructive 
procedures Tannic acid eschar and effective shock treatment have low'eied 
burn moitaht}'’, now^, early skin giafting is reducing burn morbidit}' The 
patient is no longei allow^ed to suppuiate in gianulations and eschars for weeks 
and months wdnle poor and useless skin is coaxed from burn margins, sw'eat 
glands, and haii follicles The bum wounds aie sui faced with the patient’s 
own skin as soon as feasible With these thoughts in mind, efforts have been 
directed in the Monti eal Geneial Hospital, tow^ard the early pieparation of 
burned aieas foi giaftmg 

By early giaftmg w^e mean giaftmg as close to the bum-time as the patient’s 
condition wall peimit Theoi etically, and from the skin grafting view'point, 
this w^ould be about the 6th 01 7th da}^ wdien the postburn perivascular 
edema in the subepidermal and subcutaneous layers is subsiding Piactically 
this conflicts wnth the toxemic phase, and we are usuall} unable to apply our 
giafts, in bums of any extent, until the 14th day onw^ard How'ever, we 
feel theie is an optimum time foi grafting, and that it is early, before granu- 
lations have formed to any extent As time goes on the granulations in- 
crease, giaftmg IS less ceitain, and the lesultant subgraft scar detracts from 
the final result 
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Total Surface 
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Total Surface 
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Complete 

36 % < 
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Total Surface 
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Total Surface 
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Total Surface 
Both Feet 
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Posterior Surface 
OF Trunk 
18 % 



CHILDREN 


Degree of Bum 


Lower Extremities 38 - twice (12 — age) 
Trunk 38 + half (12 — age) 

Head 6 + (12 — age) 

Upper Extremities 18 + half (12 — age) 


ESTIMATION OF TOTAL AREA BURNED 20% OF BOOy 

Summary 

Face — all, 2nd degree 
Left ear — possibly 3rd degree 
Forearms ) Right, all 2nd degree 
Wrists [ Left, largely 3rd degree 
Hands — all 2nd degree 




1st Erythema 


2nd Partial destruction 


3rd Complete destruction 



Chart iA (See Chart I opposite) 
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TREATMENT OF BURNS 


Fiom a reconstructive point of view, any burn dressing that permits cas> 
removal and inspection at the end of 6, 8 or lo days, or even earlier, is the 
ideal dressing This is especially so on the critical areas, such as face and 
flexor surfaces, where contractures are so liable to ensue Saline baths and 
dressings permit such inspection from the first, but, m our experience, have 
been cumbersome and impractical The eschars, at present in use. do not 
permit such inspection To date, sulfathiazole emulsion dressings of these 
critical aieas have proven eminently satisfactory and the foregoing widc-mesh 
(“sulfamesh”) gauze technique has been w^orked out Contrary to the opin- 
ions of Blair and Brown,^^^ and Brown and McDowell,^^- that a wide- 
mesh gauze is a painful dressing and permits granulations to grow up tin ough 
the mesh, we have not found it so, and feel the wude-mesh strands piOMde 
a mechanical factor, “splinting” or “snubbing” the wound surface, provid- 
ing a more secure dressing, with better drainage, and is just as easily and 
painlessly removed as is fine-mesh gauze 

The burned areas are “papered” with 4x6 inch sheets of “sulfamesh ’ 
This clings snugly to the wound surface A liberal coating of sulfathiazole 
emulsion is applied and dressing built up with gauze-cuts and cotton waste, 
as recommended by Brown and McDowell,^^ for a pressuie dressing A few^ 
days of such treatment, with change of dressings at three-day 01 longer 
intervals, and the area is ready for grafting Earlier in our expeiience 
dressings were changed to saline soaks 24 hours before grafting, fearing 
the emulsion might interfere with the “take ” Apparently this is not so, 
for the emulsion dressing is now removed in the operating room and the 
graft applied without further preparations, notwithstanding a fairly heavy 
sulfathiazole content of the underlying tissues 

Our grafts are of the split variety, half or three-quarter thickness, cut 
with the Padgett dermatome These are transferred to “sulfamesh” gauze 
and sewn m with the gauze The wide-mesh gauze, again, provides an 
excellent mechanical factor, and even more so with the thin layer of cement 
still adherent on the skin from the dermatome With the aid of a basting 
suture it “snubs” the graft well into position, wnth little chance of move- 
ment The dressing is built up with wisps of absorbent cotton wTung out 
of sulfathiazole emulsion, packed tightly against the “sulfamesh” and covered 
over with the gauze-cuts and cotton w^aste 

Split grafts, wuth this technique, have been uniformly satisfactory In 
our hands, the “pinch graft” has been relegated to the sidelines, except where 
insufficient normal skin exists 

The immediate grafting of burns, as suggested by Gilhes during his 
recent tour, is interesting, but practical only for the small, deep and definite 
bums Then, as Gillies says, the burn can be “cut aw'ay” and the resulting 
surgical w'ound grafted It is impractical in larger burns, w'here shock and 
toxic phases w^ould prohibit such surgery 

One might summarize the salient points and reasons for the earh grafting 
of suspected 01 definite deep skin burns as follows (i) The surface is 

651 



GURD, ACKAI AN, GERRIE AND PRITCHARD Annals of Sureery 

Isovember 19 42 

fresh and firm, with thin granulations or beginning granulations, which will 
result in a minimal layer of scar tissue m the subgiaft area (2) These 
early surfaces are m an optimum phase for grafting As the granulations 
age, they tend to become exuberant and less certain for graft “take” and 
may have to be shaved away (3) The grafting is clinically beneficial to 
the patient, as dressings and open surfaces are earl}^ done away with (4) In- 
fection is controlled early with sulfathiazole emulsion (5) Any slough can 
be removed surgically just prior to putting on the graft (6) It does no 
harm to cover up small “probable” islands of regenerating epidermis They 
will at best provide a poor epithelium, at a slow rate (7) If the patient 
IS left with granulating areas for a long time he tends to become anemic 
and a less suitable recipient for his own grafts (8) At about the fourteenth 
day the patient’s geneial condition is usually at its optimum phase 

Regarding those cases in which tannic acid-silver nitrate eschar has 
been used, certain comments are necessary All blebs require removal and 
treatment with the emulsion One must be constantly on guard to recognize 
infection under the tan, and to provide adequate drainage After the four- 
teenth day removal of the tannic, or any other, eschar is desirable, for early 
grafting of resultant raw surfaces Usually a tannic acid eschar is begin- 
ning to separate at such time In this connection, our experience with 
gentian violet or triple dye eschais has been that they seem to have become 
organized with the underlying tissues, and having penetrated them, are 
removable only through suppuiation or surgery 

OBSERVATIONS ON THE PATHOLOGY OP BURNS 

It IS not our intention to enter into a full discussion of the pathology 
of burns For this, reference may be made to the excellent papers by 
Brown and McDowell,^- and by Wilson, MacGregor and Stewart®® We 
do wish, however, to make some general remarks upon the degree and 
healing of burns and to illustrate certain points in relation to skin grafting 
in cases tieated with sulfathiozole emulsion 

Skin IS a highly specialized structure composed of the epidermis and its 
appendages, and the tough fibro-elastic derma well vascularized and inner- 
vated It is this tough elastic derma that forms the admirable bearing pad 
and a suitable underlay for the proper development of the epidermis 

In the local treatment of burns it is highly desirable to have the defect 
reconstituted, as nearly as possible by normal skin, in order to give a good 
functional surface and to prevent deformities 

The failure to attain this result is due to one thing, namely, the organiza- 
tion of granulation tissue into scar tissue It is scar tissue that produces 
contractures It is the epidermization of scar tissue that produces the poor- 
bearing surface of hyperkeratotic “scar skin” (Fig 6) that binds, shortens, 
cracks, peels under the every day trauma of ordinary activity, and is useless 
as a bearing surface for labor It is stiff and devoid of elastic tissue, is 
poorly vascularized, and poorly innervated The epidermal appendages are 
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few 01 absent The presence of too much scar tissue underlying a skin graft 
robs it of much of its good functional result 

Regeneration of the epidermis of burned skin takes place from viable 
epithelium in the area, i e , from the margins of the wound, from hair follicles 
(Fig 7), ducts of sweat glands (Fig 9), and epidermis that has escaped 
complete destruction m the burned area It is obvious that if the whole 
thickness of the skin is destroyed the only possible source of restitution 
of the epidermis is from the margins of the wound 

Healing by granulation tissue usually goes on to scar tissue formation, 
but in partial damage of the derma if epithelization is rapid enough, the 
granulation tissue appears to resolve and is replaced by reconstituted 
elastic derma 

The healing of burns, then, resolves itself into a race between granula- 
tion tissue formation and the regeneration of the epidermis Upon the 
outcome of this race will depend the necessity or not of grafting 

Infection inhibits epithelization, and further destroys the skin and favors 
granulation tissue, so that the control of infection is of great importance 
Burns, from the point of view of healing, fall into two classes ( i ) Those 
that reestablish good skin and do not require grafting (2) Those that fail 
to heal, or heal by scar skin and will require grafting 

In these classes there are two extremes that are at once obvious First, 
the very mild burn, in which the epidermis is not completely destroyed 
Restitution is rapid Second, very deep burns, which obviously extend be- 
neath the derma Healing is always by epithelization of scar tissue, and if 
the wound is large enough, grafting will be necessary 

Between these two extremes he the problem cases, in which it is often 
difficult, on first observation, to determine the depth of the burn Very often 
the depth of destruction is not uniform, so that it is not easy to predict 
how many possible sources of epithelial regeneration remain, or just what 
reaction the wound will follow Time is required to settle this question 
Usually, it can be pretty well determined at the time of the first dressing 
at the end of one week 

In those cases in which only the epidermis has been destroyed, or where 
the derma is involved only superficially, epithelization will be found complete, 
or nearly so, at the time of first dressing is done There is usually some 
persisting inflammatory cellular exudate about the vessels 

Figure 8 represents a four-day-old infected burn, which has extended 
into the papillary zone of the derma The biopsy was taken on the ninth 
day, after five days’ treatment with sulphathiazole emulsion Epithelization 
was almost complete Note the tapering layer of epidermis which extends 
from a hair follicle just out of the field to the left The derma is intact, 
with no granulation tissue on the surface The epithelium is being applied 
directly upon the elastic derma There is an overlying thin layer of coagu- 
lated exudate which has slightly separated There is no edema, and only 
a mild perivascular cellular exudate of lymphocytes and eosinophils 
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Wheie the burn |ias extended deeper, destroying the more superficial 
hair follicles and perhaps some of the sweat glands, the inflammatory reaction 
is much more intense, gianulation tissue is more abundant, epithelial re- 
generation IS slou er m making an appearance , and the foci of new epidermis 
uill be fewei in number 

Figuie 9, taken on the twentieth day fiom the case repoited herein, 
illustiates this degree of burn At the base of the section there is intact 
viable deima containing many sweat glands This is overlaid by a layer of 
granulation tissue containing areas of intense inflammatory cell infiltration, 
fiagmented elastica, some foreign body giant cells about debris of epithelium, 
and of hairs left naked by destiuction of the epithelial cells of the follicle 
L}ing peipendiculaily, about the centre of the section, can be seen a re- 
genei ated su eat gland duct which, in the many sections taken, could be traced 
to the surface, where there is a small island of regeneiatmg epidermis 
On the surface theie are ragged fragments of coagulated exudate In other 
fields of this section, somewhat largei islands ot epidermis w^eie seen ex- 
tending out fiom viable follicles 

Skin giafts w'ere applied at this stage to part of this wmund, as it w^as 
apparent that epideimization would be a very piolonged piocess, and scar 
tissue would form long before it could be completed, resulting m “scar skin” 
as in Figure 6 

At 40 days, another area w’as giafted. and at 6G days, when the remaindei 
of the area was to be grafted, a biopsy was taken through the first giaft, 
34 days after ns application, and the adjoining ungiafted aiea Figuie 10 
show^s the junction of the ungrafted aiea and the fiist giaft There is a 
marked increase in the granulation tissue in the ungiafted aiea The giafted 
area show's a lemarkable tiansformation The giaft and the skin layer of 
original derma aie joined by a nairow' zone of young fibrous tissue, m wdiich 
there are a few' foci of lymphocytes and some foieign body giant cells about 
groups of epithelial cells Most striking is the eftect upon the damaged 
granulating skin by the application of the giaft No paring was done 

Figure II represents a section from another burned aiea m the same man 
as 111 Figures 9 and 10, at 50 days The section, stained with Weigert’s 
elastic tissue technique, show's subcutaneous tissue, and a veiy nairow strip 
of derma, repiesented by the dark-staining elastica at the base There are 
no viable sw'eat glands 01 hair follicles and no evidence of epithelial re- 
generation m this section Overlying the thin layer of derma is a thick, 
irregular layer of gianulation tissue showing maiked mflammatoiy cell 
infiltration and areas of edema Altliough the derma is not completely 
destroyed one could not expect much of epithelial legeneration Skin 
grafting was done at this stage after paimg dowm this type of excessive 
edematous granulation tissue, which is not a satisfactory bed for the re- 
ception of a graft 
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ILLUSTRATIVE CASE HISTORY 

Case Report — M G H O G , male, age 70, was admitted, May 28, 1942, 
about two hours after a severe flash burn of the face, neck, both forearms and hands 
An accurate estimate of the area and depth of burn will be found on the accompanying 
burn chart In this connection, it should be noted that two weeks elapsed before it 
could be definitely decided that the left forearm required skin grafting 

On admission, the patient was in moderate shock, clinically, and appropriate 
measures were instituted Local treatment was carried out with sulfathiazole emulsion 
and pressure dressings, according to our timing chart The details of this and the 
details of his general course during the first four days will be found on the burn 

chart in some detail Certain points about this period, as noted on the chart, deserve 

special comment In the first place, the shock w'as controlled by plasma, etc , though 

at the 10- to 18-hour period, with some difficulty This was occasioned by the dif- 

ficulty with the continuous drip, which infiltrated, and through a misunderstanding 
was discontinued for three hours On rectifying this, when the hemoconcentration was 
reported, no further trouble occurred during the shock period This serves to illustiate 
forcibly, and we have unfortunately had other such confirmation, the necessity of main- 
taining a 24-hour service by the shock team At 45 hours, after apparently being 
well controlled, a definite toxemia phase developed quite suddenly, with fever, rapid 
pulse, restlessness, irrational mental state, partial suppression of urine and rapid fall 
m hemoglobin With the administration of intravenous glucose this condition rectified 
Itself in about 15 hours Following this period, there will be noted a rapid return 
to relative normality in all recordings and in his general condition 

The patient’s subsequent course was uneventful and without any infection, although 
the depth of the burn on his left forearm was only determined after two weeks Even 
at this time it was determined with some difficulty, since many epithelial islands were 
evident A further delay of 10 days ensued, as Doctor Gerrie was out of town On 
the 26th day split-grafts were placed ni sitn without any special preparations, and 100% 
“take” ensued There is no functional disability 

During the skin-grafting period biopsy studies were made before and after 
grafting, the interesting results of which are referred to m the section on pathology 
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A STUDY OF THE “SHOCK-DELAYING” ACTION 
OF THE BARBITURATES 

WITH A CONSIDERATION OF THE FAILURE OF OXYGEN-RICH ATMOSPHERES TO 

DELAY THE ONSET OF EXPERIMENTAL SHOCK DURING ANESTHESIA 

Henry K Beecher, M D , Jane D McCarrell, Ph D , 

AND 

Everett I Evans, MD 

Bostok, Mass 

FROM THE AKESTHESIA LABORATORY OF THE HARVARD MEDICAL SCHOOL AT THE 
MASSACHUSETTS GENERAL HOSPITAL BOSTON MASS 

It has been shown repeatedly that there is a concentration of the 
cellular elements of the blood under ether and a dispersion of them under 
various barbiturates , the blood has thus been described as concentrated under 
ether and “diluted” under barbiturates Because of these and other observa- 
tions, Seeley, Essex and Mann^^ (1936) set out to determine by experiment 
whether the onset of traumatic shock would occur after the same interval 
under ether as under a barbiturate A first step in their work was to develop 
a “standard method” of producing trauma 

We have repeated this work, insofar as their two major groups of dogs 
are concerned The possibility that barbiturates will delay the onset of 
shock IS of great importance if it is applicable to the shock problem in general, 
and of considerable importance if this effect can be shown to hold even 
under special circumstances We have examined the effect of a barbiturate 
and compared it with ether in circumstances where shock is produced by 
bleeding We have also studied the effects on “shock-time” of respiration 
of room air compared with oxygen-rich atmospheres under the conditions of 
these experiments 

Methods — Experimental Animals Forty mongrel dogs were used in 
this study 

Anesthesia — freshly prepaied 5% solution of sodium amytal was in- 
jected into the saphenous vein in an initial dose of 50 mg per Kg Ether 
was induced in a closed cabinet and then maintained as described by Harden- 
bergh and Mann'^ (1927) m order to repeat the experiments of Seeley, Essex 
and Mann Particular effort was made to maintain comparable levels of 
anesthesia under the two anesthetics The level chosen was that in which 
the corneal reflex persisted but was very sluggish In about half of the 
experiments of each group the level of anesthesia was controlled further by 
means of comparable records of the flexion reflex of the leg when the central 
end of the cut sciatic nerve was stimulated by a Grass stimulator (con- 
denser type) , see Beecher and Moyer,^ 1941 
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The Piodiictton of Shock — The intestinal manipulation experiments were 
earned out as described by Seeley, Essex and Mann (1936) They pioduced 
tiauina in the following way + “The entire length of small intestine was 
deliveied outside the abdominal cavity and gently manipulated by a con- 
tinuous rolling motion between the hands of the opeiator After 30 min- 
utes of manipulation the intestines were spiead out on towels on the anterior 
abdominal ivall The intestines weie turned every 30 minutes to remove 
fibrin and to avoid unequal exposure of the loops The blood pressuie in 
the femoial artery was lecoided at intervals on a standard kymograph When 
the blood pressure had declined to a level of 70 Mm of meicury, the animals 
ivere consideied to be in a state of shock” Blood concentration studies 
weie made 

In the bleeding expeiiments which we carried out, the first blood was 
diawn from the femoral aitery as soon as the control samples and measure- 
ments had been taken The first hemorrhage amounted to i 0% of the 
body-weight Thirty minutes later a second hemorrhage of o 5% body-weight 
was earned out Every half-hour following this, until death, blood to the 
extent of 025% body-w’eight w’as withdrawal 

“Shock-time” w'as measured fiom the beginning of intestinal manipulation, 
01 m the bleeding expeiiments fiom the beginning of bleeding, until the 
mean arterial blood piesstire had fallen to 70 Mm Hg and had remained 
at this level or below' foi one-half hour “Death-time” was measured from 
the beginning of intestinal manipulation, 01 fiom the beginning of bleeding 
m the bleeding experiments, until death occuired 

Blood Data — Mean aiterial blood piessure was determined and lecorded 
through a cannula placed in the femoial artery Hematociit determinations 
in the bleeding experiments were made by the method of Sanford and 
MagatM^ (1929) on 6 cc aiterial samples Blood wuthdrawn routinely in 
the course of the expeimient was utilized for this determination In the 
intestinal manipulation experiments the hematocrit w'as determined on i 25 
cc venous blood by the method of Rourke and Einstene^- (t93o) Serum 
protein measurements W'cre made wath the Zeiss ref lactometer Tins instru- 
ment had been repeatedly checked against Kjeldahl protein determinations 
Arterial and venous blood oxygen nieasui ements w'eie made by the method 
of Van Slyke and NeilF'’ (1924) When ether w'as piesent m the blood the 
modifications of Shaw and Downing^’^ (i935). and Snyder^^ (1938) were 
used in determining oxygen content of the blood 

Results — The data of Table I have been compiled from the results of 
Seeley, Essex and Mann Tables II and III present our results on repeti- 
tion of the same experiment It can be seen that in the case of the ether shock 
time we are m remarkably close agreement Oui data differ from theirs by 


=*■ Parsons and Phemister’^® (i93o) used exposure and repeated manipulation of the 
intestine to produce shock, apparently under barbiturates and ether, but they record 
few details of their study 
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only 5% * It IS worth obseiving that in this case both groups had the same 
number of experiments, seven In the case of the sodium amytal (alone) 
experiments we had the same number of experiments as with ether, seven, 
while Seeley, Essex and Mann had three Possibly this may account in part 
at least for our failure to agree better with their amytal data A further 
explanation probably lies in depth of anesthesia Seeley, Essex and Mann 
gave, apparently, a single initial injection of the barbiturate without later 
supplement t 


Table I 


DATA COMPILED FROM 

ARTICLE BV SBELEV 

ESSEX AND MANn’® 




Time for Shock 




to Develop 

Death Time 

Anesthetic Agent 

Number of Dogs 

Hrs 

Hrs 

Ether alone 

7 

A\erage 3 88 

Average 5 88 

Sod amytal alone SO mg /Kg 

3 

A\erage 11 55 

Average 14 73 

Sod amytal 25 mg /Kg preceding ether 

5 

Average 10 50 

Average 13 50 

Ether followed by 2S mg /Kg sod amytal 

2 

One animal 6 42 

One animal 10 25 



One animal 1 1 42 

One animal 15 08 


Table II 




SHOCK B\ INTESTINAL MANIPULATION 

Ether and Room Axr 





Shock- 

Death- 

Hematocrit 

Serum Protein 


Wt 


Time 

Time 

Control 

Shock 

Control 

Shock 

No 

Kg 

Sev 

Hrs 

Hrs 

% 

% 

% 

% 

1 

7 2 

9 

10 25 

14 17 

SO 0 

69 4 

6 94 

6 34 

2 

7 9 

9 

1 00 

4 83 

56 6 

67 6 

6 90 

7 13 

3 

11 0 

& 

8 16 

10 33 

56 3 

66 1 

7 93 

7 61 

4 

8 8 

9 

4 91 

5 55 

57 7 

70 4 

7 70 

6 90 

5 

12 6 

O’ 

2 28 

8 58 

50 0 

60 4 

6 68 

6 75 

6 

12 2 

o’ 

1 00 

5 16 

47 0 

69 0 

6 25 

7 70 

7 

8 8 

cT 

1 00 

1 SO 

55 1 

80 8 

7 11 

7 91 


A\ erage 


4 09 

7 16 

53 2 

69 1 

7 07 

7 19 


4 I ± 1 5 7 2 rb 1 6 


* This should dispose of any possible objections that differences between the 
average room temperatures, mean barometric pressures, or mean relative humidities 
would, in altering evaporation rates, make it impossible to compare data obtained in 
these different parts of the country It is our policy to observe and record such data 
twice daily, in the middle of the morning and m the middle of the afternoon These 
factors are too often neglected A further control on this point is the fact that both 
types of experiments, ether and barbiturate, were made in each place, so differences 
between the two should emerge, if present 

t A recent letter from Dr Mann supplied the following information “While in our 
original article we presented the data on only three dogs in which amytal was used, 
before the paper was published we had enlarged the number and to date have a fairly 
large series We failed to state in the article that occasionally it was necessary to 
gne small amounts of amytal when the animal became light, until shock had developed 
It IS also our practice to decrease ether as soon as the animal is definitely m a condition 
of shock (suggested by Meltzer) so that the time of action of the two anesthetic agents 
does not differ greatly” 
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Table III 

SHOCK B\ INTESTINAL MANIPULATION 


Sodium Amytal and Room Air 





Shock- 

Death- 

Hematocrit 

Serum Protein 

Na Amytal mg /Kg 


Wt 


1 ime 

Time 

Control 

Shock 

Control 

Shock 



No 

No 

Kg 

‘=e\ 

Hrs 

Hrs 

% 

% 

% 

% 

Initial 

Suppl 

Inject 

8 

9 8 

9 

11 41 

14 83 

32 3 

57 2 

7 13 

8 33 

51 

5 1 

2 

9 

18 6 

o’ 

9 00 

15 58 

39 6 

62 6 

7 13 

7 72 

51 

24 8 

18 

10 

6 8 

o' 

9 16 

10 30 

40 4 

52 0 

6 20 

6 18 

SO 

14 7 

5 

11 

8 5 

o’ 

2 17 

5 83 

37 6 

46 5 

6 66 

6 10 

SO 

19 4 

5 

12 

11 0 

o’ 

9 00 

18 SO 

39 8 

60 2 

7 89 

8 18 

50 

30 0 

16 

13 

8 4 

o’ 

10 SO 

11 16 

40 4 

74 8 

7 09 

7 70 

SO 

11 3 

4 

14 

28 4 

cf 

6 58 

8 90 

53 8 

67 3 

— 

— 

SO 

30 0 

6 


Vn cnge 


8 26 

12 16 

40 6 

60 1 

7 02 

7 37 

50 

19 3 

8 


S3±12 I2 2zbl7 


In oul experience, it was not possible to maintain a level of baibiturate 
anesthesia that i\as compaiable with that of the ether expeiiments by this 
single injection (except in one out of 20 ainytal experiments) In our 
expeiiments, following this initial injection, sometimes sooner than an hour, 
the animars anesthesia would become vei)’’ light, so that the dogs could 
not trill) he consideied as anesthetized unless supplementary doses of bar- 
biturates i\ere given It seems to us that Seeley, Essex and Mann were 
compaiing ether anesthesia iMth, in the lattei part of then baibiturate expeii- 
ments, a state in i\hich baldly any anestliesia produced by the drug itself 
i\as piesent, but A\hat depression theie \ias was chiefly the depiession of 
the shock state We have made particular efifoits to maintain compaiable 
levels of anesthesia Because of the largei number of our amjdal expeii- 
ments and the particulai eftorts \ie have made to maintain comparable levels 
of anesthesia in the two groups we are inclined to believe that our values 
more neaily expiess, than does the othei senes, the shock-delaying piopeities 
of the barbituiates Shock Mas delayed twice as long undei barbituiates as 
under ether (our data) rathei than three times as long (Seeley, Essex and 
Mann) There is no point 111 dMelhng on this quantitative difference, of 
much more importance is the fact that we confirm then observation that the 
barbituiates undo the conditions of this c.xpo intent do delay the onset of 
shock, and that death ivill occur lalei if baibiturate anesthesia be used than 
if ether is the agent employed 

We next set out to test ivhether or not baibiturates would delay the 
onset of shock produced by bleeding, ivith the belief that this might help 
to round out the picture of possible usefulness of the agents m seiiously 
wounded individuals From Tables IV, V, VI and VII it is appaient that 
no significant shock-delaying action has been demonstiated when hemoirhage 
constitutes the trauma 

We had planned to compaie the effects of barbituiates and ether in 
muscle trauma experiments but decided not to, m view of the failure of 
barbituiates to delay shock produced by bleeding m our expeiiments and the 
failure of barbitui ates to delay, 111 compai ison with ether, the shock produced 
m the muscle trauma experiments of Parsons and Phemistei,^” and of Bla- 
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lock"* Parsons and Phemister (1930), in a large senes of experiments (70) 
upon anesthetized dogs, studied the effects of stimulation of the nerves of 
the limb, of traumatization of the limb, and of bleeding For anesthetics 
they employed ether and morphine in 24 cases, ether alone in 17 cases, 
morphine and barbital in 18 cases, and barbital alone in ii cases They 
repoit that except where morphine was used, the effects under ether or 
barbiturate were very similar 

Table IV 

SHOCK BV HEMORRHAGE 
ether with Room A tr 

Arterial Oj Venous Oj 

Serum Protein Content Content 





Shock- 

Death- 

Hematocrit 

Control 

Shock 

Control 

Shock 

Control 

Shock 


Wt 


Time 

Time 

Control 

Shock 

Gm 

Gm 

Vols 

Vols 

Vols 

Vols 

No 

Kg 

Se'c 

Hrs 

Hrs 

% 

% 

% 

% 

% 

% 

% 

% 

1 

6 4 

& 

4 50 

4 85 

42 1 

30 5 

7 96 

6 19 

13 7 

10 4 

6 0 

2 9 

2 

9 7 

9 

2 05 

4 32 

51 9 

39 8 

6 64 

5 18 

19 9 

16 8 

6 2 

4 7 

3 

8 0 

9 

4 00 

5 09 

51 8 

36 8 

6 55 

5 45 

18 1 

13 4 

10 8 

1 8 

4 

8 2 

9 

1 SO 

2 00 

49 4 

41 5 

6 77 

5 56 

18 9 

14 0 

8 8 

2 1 

S 

6 0 

9 

1 63 

2 67 

58 9 

51 5 

7 22 

5 94 

19 0 

18 5 

12 0 

8 6 

6 

7 0 

9 

1 67 

4 57 

46 9 

43 4 

6 89 

5 90 

18 1 

16 7 

16 8 

9 1 



Average 

2 56 

3 

92 

SO 2 

40 6 7 

01 

5 

70 

18 0 

IS 0 

10 1 

4 9 




2 6rt 0 6 

39±0S 

















Table V 














SHOCK B\ HEMORRHAGE 













Ether with 100% Oxygen 


















Arterial Oj 

Venous Oj 








Serum 

Protein 

Content 

Content 




Shock 

Death- 

Hematocrit Control 

Shock 

Control 

Shock 

Control 

Shock 


Wt 


Time 

Time Control 

Shock Gm 

Gm 

Vols 

Vols 

Vols 

Vols 

No 

Kg 

Sex 

Hrs 

Hrs 

% 

% % 

% 

% 

% 

% 

% 

7 

11 0 

(S' 

0 SO 

1 

08 

45 3 

42 8 6 

89 

6 

62 

— 

— 

— 

— 

8 

7 3 

9 

4 18 

4 

49 

59 1 

44 0 5 

88 

4 

16 

24 8 

19 8 

19 1 

7 9 

9 

7 0 

c? 

4 40 

4 

45 

45 6 

35 1 7 

50 

5 

79 

19 3 

IS 2 

13 1 

5 0 

10, 

7 8 

& 

4 33 

4 

44 

52 0 

43 7 7 

07 

5 

72 

19 0 

15 7 

14 4 

7 3 

11 

9 0 

cf 

4 05 

4 

48 

63 3 

52 9 8 

08 

5 

70 

26 6 

23 6 

21 0 

13 2 

12 

12 5 

o' 

2 75 

3 

68 

58 6 

51 1 6 

73 

5 

58 

24 6 

21 8 

16 5 

14 4 

13 

9 2 

9 

3 00 

6 

77 

60 6 

55 0 7 

68 

6 

27 

24 2 

22 6 

23 8 

13 3 


Av erage 

3 32 

4 

20 

54 9 

46 4 7 

12 

5 

69 

23 1 

19 8 

18 0 

10 2 




3 3± 0 5 

4 2± 0 6 










Combined ether 













Average 


2 8db 0 4 

4 1± 0 4 

















Table VI 














SHOCK BY HEMORRHAGE 












Sodium Aviytal with Room Air 













Serum 





Arterial O2 Venous O3 








Protein 





Content 

Content 






Hematocrit 

Con- 

Na Amytal mg /Kg 

Con- 

Con 




Shock- Death 

Con 


trol Shock 





trol Shock trol 

Shock 


Wt 


Time 

Time 

trol 

Shock 

Gm Gm 




No 

Vols Vols Vols 

Vols 

No 

Kg 

Sex 

Hrs 

Hrs 

% 

% 

% % 

Initial Suppl 

Inject 

% % % 

% 

14 

8 6 

c? 

1 55 

— 

35 6 

33 8 

6 98 5 97 

50 


0 

1 

14 0 14 

1 10 6 

6 0 

IS 

11 0 

cT 

4 90 

— 

29 1 

28 6 

5 46 4 94 

50 


41 

7 

11 0 11 

1 5 9 

1 6 

16 

11 8 

9 

4 72 

— 

38 4 

32 9 

7 27 6 12 

50 


13 

4 

11 4 13 

0 7 4 

2 0 

17 

8 5 

9 

1 55 

— 

39 4 

39 2 

4 96 4 05 

SO 


12 

3 

14 2 16 

0 9 6 

8 2 

18 

12 2 

9 

0 75 

1 58 

38 9 

54 7 

6 49 6 32 

50 


8 

2 

14 9 18 

8 9 1 

1 6 

19 

10 7 

o' 

5 00 

7 38 

42 7 

S3 8 

6 05 5 34 

56 


15 

5 

15 8 20 

1 9 0 

2 2 

20 

11 2 

9 

5 SO 

6 S3 

43 7 

42 7 

5 90 4 81 

54 


12 

9 

17 7 17 

3 15 5 

5 6 


Average 3 42 S 16 38 0 40 8 6 16 5 36 51 14 4 14 1 IS 8 9 6 3 9 

3 4± 0 8 
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Table VII 

SHOCK B\ HEMORRHAGE 

Sodium Amytal with 100% Oxygen 

Serum Arterial Oj Venous O'" 

Protein Content Content 

Hematocrit Con- Con- Con- 





Shoclv- 

Death- 

Con- 


trol 

Shock Na Amytal mg /Kg 

trol 

Shock 

trol 

Shock 


Wt 


Time 

Tune, 

trol 

Shock 

Gm 

Gm 



No 

Vols 

Vols 

Vols 

Vols 

No 

Kg 

Se\ 

Hrs 

Hrs 

% 

% 

% 

% 

Initial Suppl 

Inject 

% 

% 

% 

% 

21 

9 0 

9 

4 SO 

5 36 

42 9 

38 8 

7 57 

6 68 

SO 

47 

11 

18 7 

16 5 

10 1 

2 8 

22 

9 0 

9 

3 00 

6 60 

44 0 

48 0 

7 11 

5 70 

55 

24 

8 

19 6 

21 8 

14 7 

9 6 

23 

7 0 

9 

0 SO 

6 77 

43 7 

53 4 

5 05 

4 73 

54 

20 

6 

18 7 

22 7 

12 5 

7 0 

24 

9 7 

9 

2 50 

6 07 

37 9 

37 1 

5 53 

4 51 

54 

16 

7 

13 7 

16 6 

9 8 

6 2 

25 

8 2 

9 

4 00 

5 67 

43 0 

42 7 

7 27 

6 14 

54 

28 

13 

15 8 

15 3 

14 5 

6 5 

26 

8 0 

cT 

4 SO 

5 20 

32 4 

39 4 

6 93 

6 01 

52 

18 

8 

14 0 

16 6 

11 8 

5 7 


A\erage 3 17 

32±06 

5 95 

60dc03 

40 7 

43 2 

6 58 

5 63 

S3 

26 

9 

16 8 

18 3 

12 2 

6 3 


Combined 
Na amjtal 

Avg 6 3± 0 5 S 7db 0 6 39 3 41 9 6 35 5 49 52 20 6 


Blalock (1942), in his study of the companson of the effects of the local 
application of heat and cold in the prevention and treatment of shock pro- 
duced by pounding an extremity, lecoids among other data the following 
when heat was added to the injuied member (Table VIII) 


Table VIII 

Anesthetic Agent Nembutil Barbital 

Number of dogs 14 6 

Av did m \\t of traumatized and nontraumatizcd parts. 

in per cent bod y-wt 3 80 4 05 

Death-time 5° 52' 5® 44' 


Morphine and Ether 
5 

3 40 
5® 50' 


It IS clear that the barbituiates do not pi event m comparison with 
morphine and ether the loss of fluid into the traumatized extremity, under 
the conditions of this expeiiment. noi do they delay the death-time over 
that produced undei morphine and ethei Theiefore, considering our hemor- 
rhage data, and Parsons and Phemistei and Blalock’s muscle trauma data, 
we have not continued with the tiaumatization of limb experiments 

Conflicting repoits have been made concerning the usefulness of oxygen 
in shock We wished to test whether or not breathing of an oxygen-rich 
(about 100%) atmospheie would be of value m delaying shock under condi- 
tions where these two widely diffeient types of anesthesia were employed 
From the data, it is apparent that it is possible nearly to double the venous 
oxygen,'*' and yet we do not find any significant delay in the onset of shock 
as a result of using an oxygen-rich atmosphere Since this was so, we have 
combined the high oxygen and the loom air data 


For these experiments blood was withdrawn from the femoral vein It seemed to 
us that the question of whether the oxygen content could be raised m this peripheral 
venous blood constituted a severer test than that provided by mixed venous blood 
from the right heart We, of course, would have added such determinations had we 
not failed to get delay m the shock-time as a result of the high oxygen atmosphere, 
notwithstanding the great increase m the oxygen content of the femoral venous blood 
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Discussion — While it is true that most of the methods employed for 
producing experimental shock involve a complicated and confusing variety of 
traumatic stimuli m a single procedure, it is evident that the method of 
Seeley, Essex and Mann has this objection The fact that clinical shock 
may be due to seveial simultaneous causes in a given patient, is no indication 
for needlessly complicating experimental procedures Admittedly, the problem 
of how to produce experimental shock is a most difficult one, however, it 
can be pointed out that the intestinal manipulation method of producing 
traumatic shock involves at least four types of stimuli well known to lead to 
or aggravate the condition of shock Tissue trauma, harmful nerve stimula- 
tion, chilling, plasma loss and dehydration The last factor appears to be 
of major importance in the shock developed by this method The multiplicity 
of these factors perhaps accounts for the variability of results obtained from 
one experiment to another, not onty in our hands, but in the experiments 
leported by the originators of the method (cf the large standard errors of 
the mean) 

We have available the data of Seeley, Essex and Mann, and the con- 
firmatory data of Kendiick® (i939) These studies seem to have demon- 
strated that real delay m the onset of shock imdei the special cv cumstances 
of this expel wient can be effected by barbiturates in compaiison with ethei 
Our own data support this conclusion 

The major purpose of this communication, and the questions we wish to 
raise, are concerned primarily with the impoitant assumptions that have 
been made by others concerning the implications of the woik of Seeley, 
Essex and Mann It has been assumed by numerous writers, on the basis 
of the report by Seeley, Essex and Mann, (although not by these men) that 
It IS safe, and desirable, to recommend the use of barbiturates in wounded men 
with the aim of delaying shock, however it may be caused Vaiious refer- 
ences to bear this out could be given More to the point m the present 
military situation is the official report of the Tenth International Congress of 
Military Medicine and Pharmacy held m Washington, D C , May 7-15, 1939 
On page 188, the statement is made that "these e.xpemnents (of Seeley, 
Essex and Mann) indicate that patients to zuhom sodium amytal is ad- 
nnnisteied 'eaily, moie often simvive the exposme, delay and tianspoitation 
incident to then evacuation to installations of definitive treatment” (Italics 
ours) This report goes on to say that "zvith these facts in mind it seems 
advisable to equip battalion surgeons and collecting company peisonnel zuith 
sodium amytal — (to delay) the onset of shock ” The experiments under 
discussion may or may not be applicable to man subjected to the common 
types of shock producing trauma of the battle field 

Transfeience of the findings of Seeley, Essex and Mann, obtained from 
studies on anesthetized dogs to a general recommendation concerning the 
equipment of battalion surgeons and collecting company personnel for wide- 
spread application to seriously wounded soldiers, involves a good many 
assumptions The interpreters of the Seeley, Essex and Mann data make 
at least two major suppositions that are difficult, if not impossible, to uphold 
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First, to have made the recommendations mentioned, it must have been as- 
sumed b}^ the mteipieteis that the findings of Seeley, Essex and Mann (which 
they obtained m then specialized method of producing shock) hold for 
battle field shock m geneial, at least they must have supposed that the rec- 
ommended barbiturate will not of itself constitute a real hazard Evidence 
directly opposing both of these opinions is at hand Second, use of the data 
obtained fiom the anesthetized dogs as a guide for treating wounded but 
unanesthetized men lequiies the assumption that the etherized dog represents 
unanesthetized man and that the dog undei the influence of the baibiturate 
IS compaiable to man following the administiation of barbiturates In 
othei words, it must be lecognized by those who wish to transfer these 
findings to man that the data of Seeley, Essex and Mann do not compaie 
an unanesthetizcd gioup of dogs with a gioup of dogs under a baibituiate 
The comparison is betueen dogs undei ethei and dogs under a barbiturate 
It would be a more accuiate tiansfeience of the data in question if those 
who wish to apply these data to man would conclude that the wounded 
soldiers would be better off on leceivmg baibiturate than he w^ould be if 
he received ethei Unfoi tunately, data are not available which permit the 
compaiison of shocking stimuli with and wnthout anesthesia, the available 
data merel} present compaiisons betw^een the effects of one anesthetic agent 
and anothei It seems apparent that lecommendation of the general use 
of baibituiates foi the pievention of shock m seveiely wmunded soldiers, by 
battalion surgeons and collecting company peisonnel, is not secuiely founded, 
and Iheie is considerable evidence that such use of the baibiturates may be 
dangei ous 

While barbituiates delay the onset of shock in the intestine-manipulating 
experiments of Seeley, Essex and Mann, of Kendrick, and m ours, it must 
be recognized fuither that this is a special type of trauma, and all subjects 
are under anesthesia As pointed out by Seeley, Essex and Mann, the 
method is probably effective chiefly thiough its dehydrating effect The 
barbiturates appear to be more effective in preventing water and plasma 
loss from the exposed intestines than is ether The chance that the difference 
between the tw^o agents may appear simply because ether may inciease this 
loss above normal or above that wdiich is the case under barbiturates must 
be kept in mind Seeley, Essex and Mann obseived, as we have also, 
that the loss of fluid from the suiface of the traumatized intestines was 
much less rapid under the barbiturates than under ether 

Other evidence could be cited to support the view that the plasma volume 
tends to be preserved or increased under the barbiturates whereas the 
reverse is true undei ethei (Ref Hamlin and Gregeison® ( 1939 )) McAl- 
lister® (1938), Seailes and Essex^-* (1936), Adolph and Gerbasff (1933), 
Bourne, Bruger and Dieyer® (1930), Barbour and Bourne^ (1923) and 
others) Polderman and Beecher^^ (1942) have shown that the volume 
flow of cervical lymph is usually about 70 per cent greater under ether 
than under barbituiates This adds one step to the probable explanation 
of the greater loss of fluid undei ether and the more rapid decline m the 
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subject’s condition under this agent than when under the barbiturates, under 
the special circumstances of this experiment 

It must be emphasized, that if the barbiturates are effective only by 
virtue of their antidehydratmg effects, then one could hardly expect them 
to be of value in shock due to other causes, as hemorrhage, tissue damage 
and so on, unless rapid fluid loss from large surfaces was a complicating 
factor In these other types of shock it is reasonable to suppose that the 
barbiturates might be distinctly harmful, for their typical effects are unde- 
sirable — depression of the respiratory volume, decrease m, even loss of 
effectiveness of the normal respiratory stimulant, carbon dioxide (ref Beecher 
and Moyer® (i 94 i) for a discussion of this and references to other papers 
on the subject), depression of blood pressure, depression of the cardiac 
muscle, etc These and many other effects of the barbiturates could be 
listed to emphasize that unless specifically indicated these agents had better 
be avoided in the seriously wounded 

SUMMARY AND CONCLUSIONS 

1 We have confirmed the observation of Seeley, Essex and Mann that 
shock produced m dogs by exposure and manipulation of the intestines is 
slower to appear when barbiturate (sodium amytal) anesthesia is used 
than when ether anesthesia is employed 

2 No significant delay was found in the onset of shock produced by 
hemorrhage when barbiturate (sodium amytal) anesthesia was compared 
with ether anesthesia This observation coupled with those of Parsons 
and Phemister, and Blalock, who found similar effects under barbiturate and 
ether anesthesia when shock was produced by muscle trauma, indicates that 
the barbiturates as compared with ether anesthesia are not useful m delaying 
all types of shock 

3 On the basis of the available evidence, the barbiturates appear to 
delay shock in comparison with ether, only when the chief shocking trauma is 
dehydration or plasma loss from wound surfaces 

4 Numerous recommendations have been made, on the basis of the work 
of Seeley, Essex and Mann (but not by these men), that barbiturates be 
administered to all wounded men if the development of shock is anticipated 
Such recommendations involve two major assumptions, both of which, on 
the basis of the available information, are untenable First, the numerous 
recommendations that barbiturates be administered routinely to all seriously 
wounded men involves the assumption that the barbiturates will be of value 
in shock, howevei caused , if one can judge by the results in dogs, this is not 
the case (see above) , or at least the assumption is made that such adminis- 
tration of barbiturates will not be dangerous Abundant evidence is avail- 
able to indicate that this is not the case Second, direct application as a shock 
preventive, of the observation mentioned in paragraph i, above, requires the 
assumption that comparison of the barbiturate data with the ether data is the 
same thing as a comparison of barbiturate data with a condition of no anes- 
thesia, certainly not the case No data are available to indicate that the onset 
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of shock IS slowei undei baibitniates than in iinanesthetized subjects 

5 In the expeiiments piesented heie, the administration of approxi- 
mately ioo% oxygen did not significantly delay, m comparison with room 
an, the onset of shock due to bleeding under either a barbiturate or ether, 
notwithstanding gieat elevation m peiipheial venous blood oxygen content 
as a result of bieathing the high oxygen atmospheie 
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CHEST INJURIES^' 

Frank S Dolley, M D , and Lyman A Beeaver, III, M D f 

Los Axgems, Calif 

The roLLowiNG was originally assembled to serve as a supplement to 
our colored moving pictuie “Chest Injuries” These films aie to be used 
in connection Avith the instruction of Aimy medical officers However, in 
war time it is important for all pltysicians to be familiar not only with the 
clinical diagnosis of the various chest injuries, but also with the underlying 
pathologic physiology of the heart and lungs produced by these injuries 
With this knowledge the theiapy will then seem simple and logical The 
immediate first-aid treatment to be administered at the site of the injuiy 
IS presented first followed b}'’ the indications for, and technic of, the more 
specialized hospital proceduies Finally we state the indications for suigery, 
the immediateh'^ coirective as well as those for the late sequelae Thus, in 
carrying the management of the patient from the place of injury through 
the specialized surgeiy that chest injuries entail, a practical compendium 
of thoracic tiauma is presented Such an outline should be helpful to all 
physicians who are called upon to handle chest injuries as Avell as those who 
may eventually study the film 

This material is presented in outline form, with the minimal amount of 
explanation possible The discussion is confined exclusively to the special 
therapeutic problems that arise in the management of chest wounds The 
treatment of shock and general care of the injured are not included 

GENERAL principles 

Impairment in the functions of the thoracic organs produces profound 
changes in the general physiology of the bod}^ Therefore, chest injuries 
demand immediate treatment, Avhich differs widely from that employed in 
other regions At the outset, the problems are primarily those of mechanical 
derangement of the thoracic organs and hemorrhage, while later infection 
assumes a dominant role Certain general principles must be kept in mind in 
treating chest injuries 

It is necessary 

(1) To remove, widely and very gently, the clothing over the chest, so 
that exposure adequate for thorough examination may be obtained 

(2) To promptly restore the normal relationship of the intrathoracic 
organs, ivhich of themselves, may be largely responsible for shock 

a Cover open chest wounds 
b Control pneumothoiax 
c Control cardiac tamponade 

* Presented before the California Medical Association, Del Monte, Calif , Alay 
6 - 9 , 1942 

t Captain, Aledical Corps, USA 
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(3) To give immediate attention to shock and hemorrhage 

(4) To avoid movement of the injured until he can be tiansported to a 
place where hospital care may be admimsteied 

(5) To watch constantly foi the fuithei accumulation of air oi fluid in 
the pleuial oi pericardial cavities 

(6) To preserA^e the cough reflex by judicious sedation 

(7) To keep the bionchial tiee fiee of blood and secietions 

(8) To support the chest Avail Avheie there is paiadoxical or painful 
movement 

(9) To pievent or minimize sepsis — the diiect or mdiiect cause of prac- 
tically all late moibidity and moitahty 

(10) To establish at once a leasonably high blood sulfonamide level, 
piefeiably sulfadiazine (8 to lo mg per cent), by the administration of the 
sodium salt intravenously 

(11) To give precedence to the tieatment of the chest Avound m cases 
of multiple inj lines of various parts of the body Only the contiol of 
hemorrhage piecedes the attention to the thoracic injury HoAvever, in 
combined thoraco-abdommal Aiounds, eveiy attempt must be made to improve 
the thoiacic physiology so that abdominal exploiation can be undei taken 
promptly 

(12) To employ, invanably, positive piessuie anesthesia Avhen open opera- 
tions of the thorax aie indicated 


INJURIES REQUIRING CONSERAMTIVE CARE 

I Thoracic Concussion {Commotio Thoiacis) 

Cause Nonpenetrating chest injury (exploding shells) produces a condi- 
tion similar to cerebral concussion Autopsies shoAv no cause of death Emo- 
tional strain and vasomotor reflexes are consideied factois 

Signs and Symptoms Cold, clammy skin, sIoav, thready, 11 regular pulse, 
sighing respirations, unconsciousness 

Tieatment As for shock (Oxygen of some value) 

Piognosis If patients suivive foi a few minutes, they usually recover 

II Traumatic Asphyxia 

Cause Sudden, violent thoiacic compression producing AA'ave of back 
pressure, by Avay of the superior vena cava, dilating penpheial veins This 
IS folloAved by venous stasis and loss of vascular tone Petechial hemorrhages 
frequent 

Sign^ and Symptoms Deep violet-blue discoloration of face and neck 
Avith edema, particularly of the eyelids and lips Occasionally visual dis- 
turbances or permanent blindness Skin diy and hot Full bounding pulse 
Stertorous respirations 

Tieatment Morphine at once Absolute rest Head and shoulders to 
be somewhat elevated (Oxygen may be of help) 

Piognosis If death does not supervene at once, recovery is probable 
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III Blast Injury 

Cause Impact on chest wall of wave of positive air piessure following 
bursting of a high explosive There results, if the injury is a severe one, 
( I ) cmultiple hemorrhages in the lungs, most pronounced along their anterior 
borders near the mediastinum , and (2) loss of pulmonary elastic recoil 

Sig)is and Symptoms Chest sometimes bulging Normal percussion note 
but distant breath sounds Bloody froth at mouth or nostrils Shallow 
prolonged respiration, restlessness, prostration and grave shock Surgical 
abdomen often simulated Roentgenograms in conjunction with symptoms 
characteristic, scattered areas of patchy pneumonitis 

Ti eatment Morphine for restlessness, despite signs of asphyxia Fowler’s 
position to improve breathing Oxygen but not artificial respiration In- 
travenous fluids or whole blood transfusions conti amdicated Administer 
concentrated blood serum if necessary Venesection frequently averts lung 
edema 

Prognosis Death may occur instantly If one survives the first few hours, 
pulmonary edema developing, perhaps days later, may prove fatal Therefore, 
It IS important to minimize intravenous fluids 

FIRST-AID TREATMENT 

At the moment the chest is injured, anxiety and restlessness develop 
Cardiorespiratory embarrassment is shown by some degree of dyspnea and 
cyanosis Often there is pain, seriously limiting respiration Morphine in 
comparatively large doses should be administered at once The patient 
should be kept warm Elevation of the temperature above normal by excessive 
use of blankets or hot water bottles must be avoided, as peripheral vasodila- 
tion and loss of body fluids will result These will add to the shock or 
throw a patient into shock if it is impending 

Unlike severe injuries elsewhere, the patient, if conscious, should be 
propped up to a semisitting position He will then breathe more easily, 
and blood and mucus entering the bronchial tree may be promptly raised 
If unconscious, he should be placed in the Trendelenberg position, so that 
blood and pharyngeal secretions will not be aspirated If the dyspnea is 
the result of pain limiting inspiration, or if a crushing injury exists, after 
giving an adequate amount of morphine, adhesive strapping of the chest as 
described under “Stove-in Chest” may afford relief Open sucking wounds 
of the thorax should be covered at once Tension pneumothorax may be 
temporarily relieved by placing an open needle in the chest to prevent 
the accumulation of too much air These conditions will be discussed later 

SURGICAL TREATMENT 

The following emergencies, as encountered at the place where injury 
occurred, urgently require special and immediate attention 

I “Sucking Wound” of Chest Wall 

Normally, during inspiration the ribs move outward and upw^ard, the 
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Sternum foiward and upward, and the diaphragm downward Thus the 
chest enlarges m all diameteis The volume of the lungs is propoi tionately 
increased by passively following the movements of the thoracic walls The 
negative pressure thus created is at all times satisfied by the miush of air 
by way of the tiachea, which is the only communication with the outside air. 

When a chest wall injury extends thiough the parietal pleura into the 
pleuial cavity (normally only a potential space), two openings are present 
to admit air into the thoiax While on inspiration air enters the chest 
through both of these openings, it is only by way of the trachea and bronchi 
that air, with its necessary oxygen, can reach the pulmonary alveoli It is 
evident that the percentage of air that leaches the lungs thiough the trachea 
IS in inverse pioportion to the size of the chest wall opening When this 
differential is sufficiently great, not enough oxygen is available to sustain 
life even with the deepest inspiratory effort The prompt application of a 
reasonably an -tight diessing to close the chest wall opening averts this 
disastei 

On aiiival at the hospital, the dressing applied to the sucking wound of 
the chest wall is removed Debridement is painstakingly cairied out, using 
a scalpel, not a scissois A scissors squeezes as it divides, while a sharp 
scalpel cuts cleanly A bit of muscle oi fascia, whose nutritional future is 
hanging in the balance, might by this slight additional injury eventually 
become necrotic The mam pin pose of this piocedure is to excise all de- 
vitalized tissue 

The divided parietal pleura should be snugly closed if possible However, 
this is larely possible, so that the chest wall muscles or even the lung may be 
sutured across the pleural apeiture If this appeals unsafe or impractical, 
one may be forced to resoit to tight gauze packing as a temporary life- 
saving measure Closed pleural diainage, using a thumb-sized tube, is then 
established as described under “Empyema — Closed Drainage ” 

After careful debridement and aftei the parietal pleura has been closed, 
all raw surfaces are sprinkled with 4-8 Gm of a sulfonamide Because of 
the danger of infection no sutures are taken in the chest wall other than 
those necessary to close the pleura The wound is then packed open with 
plain gauze Rubber tissue applied directly ovei the open wound will prevent 
the gauze dressing from becoming adherent to the raw tissues (even vasehned 
gauze IS painful to the patient on its removal) Powdering the wound twice 
daily with the sulfonamide is desirable Healing time may be shortened by 
the application of adhesive strips upon the skin, to loosely approximate 
wound edges 


II Tension (or Pressure) Pneumothorax 

A wound of the chest wall penetrating the parietal pleura, uncomplicated 
by injury to the lung, produces a pneumothorax The closure of the chest' 
wall opening, either by suture or dressing, effectually eliminates further 
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entrance of air Subsequent aspiration of air before the injured arrives at 
the hospital is seldom necessary 

If, however, a laceration of the lung exists, complicating a penetrating 
wound of the chest, closure of the chest wall opening will remove but one 
source of the air accumulating between the lung and the chest wall Bron- 
chial branches torn open with the lung laceration allow air to escape through 
the torn visceral pleura with every inspiration Almost always a check- 
valve mechanism at once occurs That is, air enters the pleural space in 
inspiration by way of a bronchus in the lacerated lung, but in expiration it is 
impeded from escape because the lung tissues immediately surrounding 
the pleural opening are pressed together Thus, a certain amount of air 
IS retained With each succeeding respiratory cycle the amount of imprisoned 
air increases Air tension or pressure in the pleural cavity steadily increases 
From the very moment of its inception, seveial important cardiorespiratory 
disturbances are initiated The lung on the involved side is more and more 
collapsed At the same time the mediastinum is pushed toward the opposite 
side at the expense of the contralateral lung, which, in turn, is steadily 
reduced in size In the meantime, cardiovascular function, always intimately 
associated with respiratory disturbances, is becoming seriously affected 
Unless relief is forthcoming, death supervenes Immediate needle decom- 
pression, with or without syringe aspiration is life-saving 

Lung laceration with bronchial communication into the pleural space 
may occur following crushing injuries of the chest without any break in 
the continuity of the chest wall 

The diagnosis is not difficult Dyspnea is of course the outstanding 
symptom The side of chest containing the bronchopleural fistula is im- 
mobile Percussion note is high Breath sounds are absent 

T'leafment Immediate introduction of a needle, preferably of large size 
This should be left in place, anchored by adhesive straps, until patient arrives 
at hospital The needle may be inserted m 2nd or 3rd interspace just lateral 
to midclavicular line 

JVaimng Do not needle indiscriminately left basal pneumothorax pockets 
as acute dilatation of the stomach or diaphragmatic herniation (discussed 
later) may be present 

On arrival at the hospital, if there are signs of accumulation of air in the 
affected pleural cavity, then the needle must be connected to an air-tight 
system under uater, as depicted on the film An air-tight intercostal catheter 
may be inserted into the pleural cavity and connected to a closed water bottle 
system in place of the needle This has the advantage of allowing the escape 
of larger amounts of air and of offering less chance of trauma to the ex- 
panding lung, but has the disadvantage of presenting a greater chance of 
infection 

III Cardiac Tamponade 

Following injury to heart muscle or of intrapericardial vessels, hemorrhage 
into the pericardial sac may occur As bleeding progresses, space for cardiac 
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action IS steadily lessened The auricles and vena cavae and finally the ven- 
tiicles are compiessed The venous piessure rises The arterial pressure 
falls Inadequate oxygenation of circulating blood results Seiious tam- 
ponade of heart exists 

The diagnosis, when the possibility of its piesence is considered, is not 
difficult, nor, foitunately, is the pioceduie foi its temporary lelief particularly 
complicated 

Duskiness of mucous membianes and nail beds or cyanosis is present, 
moderate shortness of breath , dyspnea or stertorous respirations, depending 
upon degi ee of tamponade , small thi eady pulse , low arterial pressure , high 
venous pressure, engoigement of veins of neck, sometimes venous pulsation 
Cardiac pulsations are faint or absent ovei the pei icardium Cardiac dullness 
IS not necessarily much increased 

There is usually a time-interval between the moment of actual injury 
and the onset of unconsciousness because of caidiac tamponade The reason 
for this IS found m the fact that it takes time for sufficient blood to leak out 
into the pericardium to actually tamponade the heart As the tamponade 
becomes marked, the low arterial pressure and maiked venous stasis result 
in serious interference with the oxygen supply to the brain 

If the imminent danger of immediate death does not contiaindicate addi- 
tional diagnostic measures, fluoroscopic examination will usually establish, 
with certainty, the diagnosis when the findings are consideied in conjunction 
with the history, symptoms, and physical findings One sees a cardiac 
shadow, but little larger than noimal, with little oi no evidence of pulsation 

Immediate aspiration of blood fiom the pei icardium is imperative The 
site of election is the left costoxiphoid angle By this approach the needle 
not only avoids passing through both pleural leaves, but also cannot lead to 
injury of the lingula of the upper lobe of the lung were it adherent to 
the pleura in the precordial region Furthermoie, by this subcardiac appioach 
the needle will enter the pericardium below the heart and not directly toward 
it, as would occur if aspiration was attempted thiough the chest wall Finally, 
the pericardial sac can be more satisfactorily cleared of blood when aspira- 
tion IS carried out from below 

After tissues are anesthetized with i% novocain from the skin to peri- 
cardium, the aspirating needle (No 15 gauge preferably) is inserted, direct- 
ing it inward and slightly upward The bevel on its distal end should be 
comparatively short Usually the passage of the needle through the peri- 
cardium into the less resistant blood within the sac is easily appreciated as 
the needle advances The larger the syringe attached to the needle, the less 
tactile sensation is retained Since the pressure of the blood within the 
pericardial sac is positive, it is often advantageous to insert needle with no 
syringe at all, so that maximum appreciation of the resistance of the various 
structures (especially the pericardium) with which it progressively comes m 
contact may be recognized Blood should escape at once when the peri- 
cardial sac has been entered Then the syringe, with two-way valve, is at- 
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tached and all blood possible is aspiiated under air-tight conditions At all 
times during the procedure great care must be taken to avoid needle contact 
with heart muscle The constant motion of the heart transmits along the 
needle, to the one who is aspirating, a scratching sensation The needle 
must immediately be slightly withdrawn, for even superficial injury to heart 
muscle may result in prolonged oozing of blood from the cardiac abrasion, 
sufficient to produce tamponade m its own right, some time after needle 
has been withdrawn 

When the diagnosis is made before the patient has been taken to the 
hospital, aspiration should be accomplished immediately if patient is in serious 
condition and the needle and syringe are available Even the withdrawal of 
75 to loo cc of blood may be temporarily life-saving When, after thorough 
evacuation of the blood from the pericardial sac, signs of cardiac tamponade 
recur, surgical exploration for possible suture of the heart muscle or removal 
of foreign body is indicated 

The technic of intrapei icardial exploration and suture of heart wound 
fall outside the scope of this discussion It is shown in detail in the films 
on “Chest Injuries ” 

TV “Stove-In Chest” 

The injury consists of multiple rib fractures, often on two planes, 
anteiiorly and laterally or anteriorly and posteriorly, usually limited to one 
hemithoiax The crushed side, because of its loss of rib support, cannot 
enlarge with inspiratory eflfort The negative piessure created by the en- 
largement of the uninjured side of the chest in inspiiation pulls the mediastinal 
organs toward the good side The unoxygenated air in the lung of the in- 
jured side is actually sucked into the functioning one In expiration both of 
these movements reverse It follows then that the “stove-in” side of the 
chest actually decreases in size during inspiration, vith a relative increase 
in size on expiration as the mediastinal oigans retuin to midposition The 
same air may move back and forth fiom the paradoxically moving lung to 
the good lung The amount of air that goes back and forth between the 
lungs depends on the amount of paradoxical movement of the chest wall 
and the amount of mediastinal shift This most inefficient type of respira- 
tion produces marked dyspnea Severe pain on breathing that prevents even 
noimal depth of inspiration may still furthei lessen oxygen supply 

Tieafment (i) Give morphine in laige enough doses to control pain, 
(2) strap chest with a completely encircling wide adhesive bandage at the 
level of the costal margin as described in the next paragraph, (3) aspirate 
retained secretions in the trachea by catheter or, if necessary, thiough broncho- 
scope , and (4) establish at once and maintain a high sulfonamide blood level 
to combat pneumonitis 

Adhesive placed at the costal maigin level should completely encircle 
the chest when the diaphragm is involved, eithei directly or indirectly If 
there exists contusion of the diaphragm, a diaphragmatic pleurisy or injury 
to the intercostal nerves whose anterior branches are 111 the vicinity of the 
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diaphiagm, splinting of the aftected diaphiagm is desirable The diaphragm 
hoAvever is a bilateial oigan In oidei to limit the exclusion of either side, 
both must be splinted An adhesive bandage completely encii cling the chest 
IS lequned, and pioves of gieat benefit 

When adhesive so applied is not well stippoi ted, then it should be removed, 
replacing it with a tight adhesive band applied in expnation aiound the in- 
jured side of the chest It should extend thiee inches onto the opposite 
hemithoiax, both anteiioily and posteiiorl}^ 

Paiadoxical motion of the chest wall may be greatly decreased by various 
mechanical contiivances The Diinkei lespnatoi, or similar type, if avail- 
able, IS the best device, as it completely does away with the need for a firm 
chest uall until the iibs have knit sufficiently to offei stiong support If a 
respiratoi is not available, simplei measuies may be employed Several 
touel clips can be snapped tlnough the soft tissue and undei the ribs On 
attaching the tov el clips to a fixed overhead support, the depressed chest wall 
may be maintained in an elevated position 
V Hemothor vx 

The piesence of a consideiable amount of fluid between lung and chest 
wall produces chaiacteiistic signs, uhethei it be seious effusion, pus, or blood 
Theie is evident decrease in the mobility of the injuied hemothorax 
The degree depends upon the amount of blood piesent m the pleural space 
The involved side often appears to be laigei than the contialateral one The 
percussion note is flat over the hemothoiax Tactile fremitus is absent 
Breath sounds aie usually absent Pine bionchial bieathing may be heard 
if the layei of blood is so thin that the bieath sounds m the collapsed lung 
aie transmitted through the blood to the chest wall 

When the lung is injured, m addition to the hemoiihage, air escapes 
from the bronchi The piesence of this an using through the blood causes 
the percussion note to be tympanitic rathei than flat The signs then are 
predominately those of pneumothorax The indications for relief m the field 
are those discussed undei pneumothoiax On ariival at the hospital a roent- 
genogram will disclose the presence of the blood If a film with the patient 
in the sitting position can be taken, without undue hazard, a fluid level 
establishes the diagnosis If not advisable to raise the patient, a chest film 
with patient supine will show haziness — indicative of pleural fluid lateral to 
the lung. 111 a field that would be clear were air alone present 

First-aid treatment follows the geneial rules mentioned above — ^morphine, 
absolute rest, external heat Aspiration of blood, except under rare circum- 
stances, IS contraindicated before arrival at the hospital If death occurs 
during this period, it is usually fioin exsanguination, not from the pressure 
of extravasated blood against the mediastinum 

At the hospital, early aspiration of blood is desirable (24 hours after injury 
and before the 4th day) 

Caution If an X-ray is not available, or the diaphragm has not been 
well visualized roentgenogi aphically, before aspirating the left chest insert 
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the needle at the level of 5th or 6th intercostal space so as to avoid puncture 
of the diaphragm Conceivably, the pressure of the blood against the injured 
lung has occluded the vessels responsible for the hemothorax Premature 
reexpansion of the lung by the aspiration of the extravasated blood in the 
pleural space might cause bleeding to recur To obviate this contingency, 
therefore, the blood aspirated during the first few hours after injury should 
be partially replaced with air Blood removal appreciably shortens con- 
valescence and permits the recognition of continued bleeding, also, whether 
or not the lung concealed by it is atelectatic Extravasated blood produces 
extensive pleural irritation in some patients Its early removal greatly 
reduces the danger of progressive pleural fibrosis Furthermore, aspiration 
of the blood with partial replacement of air lessens the size of the pleural 
space should infection eventually develop 

If large clots are present in considerable amount, aspiration is not suc- 
cessful It is frequently advisable to open the chest, remove clots, rinse out 
the pleural space with saline, sprinkle pleural surfaces liberally with a sulfona- 
mide powder, and close the operative wound The air remaining m the 
pleura after tight chest wall closure should be at once aspirated until a nega- 
tive intrapleural pressure to five or ten centimeters of water be obtained 
Higher pressures exerted on a lung resistant to sudden reexpansion because 
of thickened visceral pleura, may cause an outpouring of serum to satisfy the 
partial vacuum created by the aspiration of air Subsequent removal of air 
in comparatively small amounts at daily intervals is the preferable procedure 

VI Infected Hemothorax 

Even when the blood in the pleural space is sterile, a daily temperature 
rise to ioo°-ioi ° F is usual When, after several days there is an increase 
in temperature, pulse, and respiration, infection should be suspected 

The following findings point to an infected hemothorax (i) Increased 
toxicity, (2) evidence that the amount of fluid m the pleural cavity is 
increasing (outpouring of serum from pleural irritation) , and (3) the sample 
of blood aspirated has become purplish in color or has an unpleasant odoi 
Bacteria often develop, at first only at some certain spot m the bloody 
fluid So it may be several days before bacteria are prevalent throughout 
all the blood The presence of purplish blood of unpleasant odor in an in- 
creasingly toxic patient is exceedingly suggestive, even though the culture of 
the blood aspirated is sterile The complete and immediate removal of all 
the old blood, with adequate tube drainage of the pleural cavity (closed 
method) is highly desirable The technic of pleural drainage is discussed 
elsewhere in the paper under “Empyema ” 

VH Penetrating Wounds or the Chest 

The mortality rate following present day technic in mtrathoracic opera- 
tions IS very low In consequence, surgical exploration of mtrathoracic in- 
juries IS much more frequent m the present war because 

I Foreign bodies can be removed The presence of phosphorus in 
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incendiary bombs makes retention of even comparatively small bits of metal 
fiom them hazardous 

2 In injuries both of the lung and chest wall, devitalized tissue can be 
debiided and the injuiy repan ed Openings m the lung may be closed in 
some cases 

3 Bleeding vessels of the chest wall and lung can be ligated Injury to 
the internal mammary and intercostal vessels may lead to serious intra- 
pleural hemoiihage Their ligation may be life-saving 

4 Blood and clots between the pleural leaves or a supeificial hematoma 
of the lung can be removed 

5 The diaphragm can be examined as to evidence of injury to it If 
an opening through the diaphragm is found, it is enlarged so that the intra- 
ahdommal organs immediately below may be examined By these proceduies 
the danger of subsequent infection from bits of clothing, torn lung, etc , 
may be greatly reduced, lecovery hastened, and early or late death from 
hemorrhage, or sepsis averted 

Before decision is made to explore, shock must be controlled If pos- 
sible, roentgenograms of the chest with patient m upiight position to show 
fluid level, should be obtained Air leplacement of blood in the pleural 
cavity IS of great diagnostic impoitance for reasons previously mentioned 


VIII Traumatic Atelectasis and Pneumonitis 
Cause The most impoitant factor is the impairment in efficiency of 
the cough mechanism with the subsequent retention of bronchial secretions 
It may be produced by the following conditions (i) Voluntary splinting of 
the painful chest wall, (2) paradoxical movement of the chest wall, (3) 
oversedation, and (4) prolonged unconsciousness Keeping the patient m 
one position causes hypoventilation of the lungs, while pulmonary hemorrhage 
may actually plug a bionchus and so directly cause atelectasis 

Diagnosis The presence of retained secretions may be detected by finding 
coarse rales over the trachea and large bronchi Cyanosis, fevei, dyspnea 
progressing to coma, with concomitant chest signs, point towards an atelec- 
tasis or traumatic pneumonitis There is usually dullness to percussion 
Bieath sounds, as a rule much decreased, vary from vesicular to bronchial 
Rales are usually present over the affected area The roentgenograms of the 
chest are diagnostic, showing changes varying from a scattered, patchy infil- 
tration to a complete lobar haziness, with or without mediastinal shift, 
elevated diaphragm, or nan owed interspaces Any fevei in a patient with 
a chest injury should be considered as caused either by atelectasis 01 trau- 
matic pneumonitis, unless proven otherwise 

Treatment The prophylactic treatment is the more important This 
includes supporting of the thoracic wall by adhesive taping and the use 
of shot-bags, and encouraging the patient to cough by the manual holding 
of the chest wall, which lessens the chest pain Enough morphine should 
be used so that pain does not prevent the patient fiom coughing Over- 
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doses of opiates or baibiturates that result in long periods of coma or semi- 
stupoi, when the patient cannot cough voluntarily, are to be studiously 
avoided Ten per cent cat bon dioxide (not carbogen) is an important aid 
The patient should be turned fiom side-to-side every two hours if possible, 
and expectorants and inhalants utilized to make the sputum less tenacious 
and hence more easily raised A high blood sulfonamide level should be 
established early m all cases of chest trauma where injtiiy has been severe 
enough to produce atelectasis oi traumatic pneumonitis 

Cathetej suction of the tiachea and bionchi is, in most instances, the 
pioccdwe of choice, to aspnate letained secietions and blood The con- 
venient technic is that of inserting a No i6 urethial cathetei through the 
nares and advancing it thiough the laiynx on deep inspiration The sim- 
plicity of this method is shown on the film, and can be mastered after a little 
practice Local anesthesia produced by spiaying the throat with two per 
cent pontocaine, will facilitate the passage of the catheter into the larynx, 
especially in the presence of an active gag reflex Similarly, spraying the 
nasal mucosa with pontocaine lessens the discomfoituie to the patient There 
IS no contraindication of local anesthesia to the throat if fluids by mouth are 
withheld until the gag reflex returns (two houis) The catheter is 
attached to an ordinary “nose and throat” type of suction device capable 
of producing 15 pounds of pressuie The catheter may theu be advanced 
down the tiachea By turning the head to the right side, the catheter may 
be introduced into the left mam bronchus, and by turning the head to the 
left side, after withdi awing the catheter a little, it may be introduced into 
the right main bronchus The suction should be applied intermittently so 
that too much air is not completely drawn out of the bronchial tree at one 
time Cough is stimulated by the irritation of the cathetei on the tracheal 
and bronchial mucosa so that fiequently more sputum is coughed up around 
the catheter than is aspirated thiough it This procedure has the advantage 
of being readily available, of being simple, and may be quickly set up and 
instituted, and used repeatedly on one patient \¥e believe too little attention 
throughout the country has been paid to tins simple and highly efficacious 
procedure 

Bronchoscopy, of course, is more thorough, and should be emplojed 
when It IS impossible to pass the cathetei or wheie a thick mucous plug 
or blood clot lesists removal by the catheter It should be undertaken m 
preference to catheter suction where foieign body is a possibility or vomitus 
has been aspirated Tbe trained bronchoscopist can easily perform this 
procedure (as shown on the film) without moving the patient from his bed 
The fact that the patient is critically ill is not a contraindication to bron- 
choscopy when atelectasis is present, as this condition may be the pimcipal 
cause of the piecarious state of the patient Bionchoscopy m bed causes 
no moie serious disturbance to the patient than that resultant from hard 
coughing, a respiratory exercise that usually is most desirable’ 
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IX Subcutaneous Emphysema 

Following chest injuries both penetrating and nonpeneti ating, bronchial 
communication may occui between torn lung and subcutaneous tissues 

Swelling and ciepitation beneath the skin indicate the site of subcutaneous 
air While gas-forming bacteria may be responsible for the presence of 
air beneath the skin, the absence of toxic symptoms, of edema, and of dark 
led or coppery discoloiation of skin, render the lattei souice of the crepita- 
tions untenable If emphysema is steadily piogiessive until most, or all, of 
the body is involved, open operation near the site of injuiy to lepaii the 
injuied lung and close the open bionchus may be indicated It is seldom, 
howevei, that such operative measuies become necessaiy 

X Mediastinal Emphysema 

Cause Rupture of bronchus m oi neai mediastinum , ruptui e of bronchus 
deep m the lung with extension of an along the peribronchial tissues 

Symptoms Subcutaneous emphysema fiist appears in episternal notch 
but may spiead extensively undei skin of head, tiunk and extremities Thcie 
ma}'' be dysphagia, dyspnea, cyanosis, pneumatic extrapericardial tamponade, 
distension of the neck veins, and finally ciiculatoiy failuie 

Tieatment Palliative tiansveise incision at jugulum through platysma 
By blunt dissection with fingei , opening may be extended beneath manubrium 
into mediastinum 

Ciuafwc Attack suigically at souice if condition of the patient is critical 

XI Miscellaneous 

Acute dilatation of the stomach occasionally occurs at a most seiious com- 
plication of crushing injuries of the chest, with oi without phrenic nerve paial- 
ysis on the left Vomiting, when present, especially if accompanied by dis- 
tention or tympany over the uppei abdomen, is highly suggestive A left basal 
pneumothorax may be simulated Even though these findings are present 
only in a slight degree, acute dilatation of the stomach must be suspected 
when the patient, becoming steadily worse, has a rising pulse and a falling 
temperature The passing of a stomach tube, an extremely simple procedure, 
IS hfe-saving 

Rupture of the diaphragm, with the herniation of the abdominal contents 
up into the chest cavity, may produce dramatic and alarming symptoms 
Extreme dyspnea, vomiting, with the signs of fluid and air m the lower 
left chest may be present Borborygmus, if demonstrable, is diagnostic 
Needling of left lower chest must be postponed until diaphragmatic dome 
has been visualized roentgenographically If the diaphragm cannot be identi- 
fied on the plain film and baiium is not available, the giving of soda bicarbon- 
ate by mouth, followed by a few drops of dilute hydrochloric acid will produce 
a gas bubble to leadily identify the diaphragm 

The surgical repair of the diaphragmatic herniation should be postponed 
if possible until the patient has otherwise made a complete convalescence 
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INFECTIONS OF THE THORACIC ORGANS FOLLOWING TRAUMA 
With prompt debridement of open chest wounds, the use of the sulfona- 
mides, and attention to the principles outlined earlier in this paper, many 
thoracic infections following trauma can be prevented However, because 
of the exigencies of modern warfare it is often impossible for a large 
number of cases to receive adequate early first-aid or hospital treatment 
If these cases survive the initial shock and hemorrhage, infection of the 
chest organs will be a common finding In some cases, too, in spite of 
the most painstaking early care, infection will ensue Therefore, no 
summary of the management of chest injuries is complete without a brief 
discussion of the common infections of the thoracic organs that follow 
trauma 

I Infections of Soft Tissues or Chest Wall 
Infections of the soft tissues of the chest wall differ little from those 
elsewhere in the body, with one outstanding exception The chest wall may 
become infected by anaerobic organisms from a putrid empyema or lung 
abscess, either through a needle track or direct extension of the inflammatory 
process In either case a fulminating cellulitis develops that is often rapidly 
fatal Pi ophylactically, the prompt institution of surgical drainage of the 
putrid empyema will avoid multiple and hazardous needlings through the 
chest wall 

The usual procedure, m the attempt to control a rapidly progressive 
cellulitis of the chest wall, has been to make long parallel incisions through 
to the floor of these infected areas, extending the incisions well into 
apparently uninvolved tissue on either side The wound edges are widely 
undermined with the fingers and rubber diains inserted plentifully to hold 
the infected surfaces apart Uniformly, these patients at operation are 
profoundly toxic The surgeon, by the above method, frequently administers 
the coup-de-g7ace by ruthlessly breaking down whatever barriers the body 
has been able to erect against the invading bacteria 

We have found it much more satisfactory to make a wide incision in the 
uninfected tissue across the path of the oncoming bacterial invasion, an inch 
or more in front of the infected area Usually the spread is extending in 
but two directions Two such incisions should be all that would be required 
to halt this process Vasehned gauze is placed m these zonal incisions to 
prevent, temporarily, apposition of the wound edges As a rule, limitation 
of the infection is thus established After these incisions peripheral to the 
spreading cellulitis are completed, one or perhaps two cuts are very gently 
carried through into the infected planes, avoiding any molestation of the 
surrounding tissues Liquefaction, which usually occurs within a day or 
two, IS easily controlled by multiple small incisions, with minimal danger of 
disturbance to surrounding tissues Subpectoral and subscapular abscesses 
may be the source of occult fever during their early stages Sooner or later 
local pain, tenderness, swelling, and fluctuation will point to the diagnosis 
Wide drainage with the dependent placing of multiple rubber-dam drains 
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generally is effectual in draining these abscesses If they persist ovei a 
peiiod of time, one must be on guard for a possible osteomyelitis of an 
adjacent bone 

II Osteomyelitis of Ribs and Sternum 

Osteomyelitis of the ribs practically always follows trauma and is rarely 
a part of osteomyelitis with multiple involvement of other bones of the 
skeleton Simple fractures of the ribs are piactically never complicated by 
osteomyelitis However, osteomyelitis of the ribs does occur in infected 
compound fractures and when chest wall infections and empyema are present, 
if any bare rib depiived of its nourishing periosteum is exposed in the infected 
wound 

Diagnosis The diagnosis is made by the history of local trauma, the 
signs of a low grade infection, and local tenderness Roentgenologic examina- 
tion almost always shows the erosion and periosteal proliferation typical of 
osteomyelitis 

Tieatmenf The treatment consists of wide excision of the involved bone 
down to healthy osseous tissue If a cartilage is exposed, or infected it must 
be completely remoi'^ed, otherwise peiinanent healing will not take place 

In a similar manner osteomyelitis of the sternum usually follows trauma 
More constitutional reaction is present and theie is local tenderness, swelling 
and redness Although it is sometimes difficult to demonstrate the lesion, 
the roentgenograms show typical signs of osteomyelitis Because the com- 
plications of retrosternal abscess and anterior mediastinitis are serious, wide 
excision of the involved bone and adjacent costal cartilages is indicated 

III Empyema 

Empyema is the most common thoracic infection following chest injuries 
This is true because of the high fiequency of cases in which the pleura is 
soiled by penetrating wounds and because empyema is not an uncommon 
complication of pneumonia and lung abscess 

Diagnosis Empyema that follows thoracic trauma is usually not difficult 
to diagnose If there has been a penetrating wound, usually debridement and 
drainage has not been adequately carried out There is a high septic-type of 
fever with corresponding elevation of pulse and rapid respiration The 
physical signs are those of fluid, which often accumulates very rapidly The 
roentgenogram shows signs of pleural fluid on the involved side In the 
absence of gas-forming organisms, no fluid level will be seen unless there 
has been a tear of the lung or an open pyopneumothorax is present The 
diagnosis is made by the aspiration of puiulent fluid from the pleural cavity 
Immediate smear and culture of the pleural fluid must be done, as often it is 
impossible to demonstrate the organisms after the material has stood over- 
night Before drainage is undei taken, unless the odor of the pus is foul, 
pyogenic organisms must be demonstrated m the pleural fluid 

TREATMENT 

I Open Diainagc Open drainage with nb resection, under local anes- 
thesia, and the insertion of a large tube is the procedure of choice However, 
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certain conditions must obtain In the discussion on “Sucking Wound of 
Chest Wall/’ the dangers of the open pneumothorax were emphasized When 
the pus aspirated from the pleural cavity is thin, there is little fibrin content 
and, therefore, few adhesions are present along the mediastinal pleura Hence, 
the mediastinum is mobile Drainage at this time would subject the patient 
to the dangers of the open pneumothorax and possible fatal issue Therefore, 
needle aspiration is the preferred treatment early in acute pyogenic empyema, 
not only so that the mediastinum will be fixed, but also that the size of the 
empyema pocket shall be limited When the fluid contains 80-90 per cent 
sediment, open diainage with 11b resection and the dependent placing of a 
thumb-sized tube, large enough to evacuate thick pus and fibrin, is the 
procedure of choice If a pyopneumothorax is not present, 50-100 cc of 
the pus aspirated may be safely replaced with air to produce a fluid level 
Then with a lateral decubitus roentgenogram the bottom of the pleural pocket 
may be accurately determined However, if such a roentgenogram is not 
available, it is safe to resect the rib immediately above the lowest intercostal 
space where pus was obtained by aspiration We do not completely aspirate 
all the pus from the pleural cavity immediately before surgery, as it may be 
impossible to find the pocket in the operating room 

2 Closed Dimnage (Laige Tube) Because the lumen of an intercostal 
catheter is not large enough to permit the drainage of thick pus, fibrin, and 
blood clots, we feel that it is not indicated m empyema We reserve this 
method (i) to drain uninfected bloody serum m clean operations, and (2) to 
allow the escape of air m tension pneumothorax, where the needle method 
of reduction of air pressure has not been successful To effect closed drain- 
age with a large tube, a six-centimeter segment of rib is resected, under 
local anesthesia, at the posterior axillary line Providing the resultant drain- 
age IS dependent, this site is desirable as the patient does not have to he 
on the tube The bottom of the pleural pocket is determined according to 
the technic described under “Open Drainage of Empyema ” Through an 
opening m the parietal pleura, just large enough to admit it, a thumb-sized 
tube IS snugly inserted into the pleural cavity This tube is then connected 
to a drainage bottle on the floor with an underwater seal The soft tissues 
overlying the parietal pleura are not sutured but approximated by flamed 
adhesive strips applied to the skin Thus, the air-tight closure is helped 
by this strapping, and yet infected secretions are not dammed up in the 
soft tissues By using this method (depicted on the film) air-tight drainage 
is- maintained, yet the use of a thumb-sized tube permits the drainage of 
thick pus and fibrin This type of drainage following chest injuries is 
indicated in 

a Chest Injuues wheie Plema is Giossly Contaminated Here, fol- 
lowing debridement, because the mediastinum is not fixed, closed drain- 
age IS indicated (The use of a large tube makes it adequate) 

b Open Opeiations of the Thoiacic Cavity zvheje the Plema is 
Giossly Contaminated — such as Lobectomy The tube in this case should 
be put in posteriorly to dram the hilum 
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c Putud Empyema, if caused by a highly viiulent strain of organism, 
should be diained early, because lepeated aspirations lead to phlegmon 
of the chest wall Since the mediastinum is not fixed eaily, closed diain- 
age IS necessaiy 

d Cluomc Empyema — whe}e Highly Negative Suction Theiapy is 
Indicated Piompt, adequate diainage usually pi events the acute empyema 
fiom becoming chionic However, if the drainage tube is too high, too 
small, 01 pulled out befoie the pleuial space is obliterated, chiomcity may 
lesult The presence of foreign bodies, bronchopleural fistulae, tuber- 
culosis, fungi, 01 osteomyelitis of the ribs, may also make the empyema 
chionic 

The Schede thoracoplasty is the time-honored treatment for this condition 
Recently we have used maiked negative mtiapleural suction through the use 
of a laige drainage tube Although it is not always successful, it should 
be tiled before the Schede thoi acoplasty 
IV Lung Abscess 

Lung abscess may follow penetiating or nonpenetrating wounds of the 
chest When the patient is unconscious from shock on the battlefield, the 
aspiration of secietions fiom the upper lespnatoiy track (particularly if 
oral sepsis is piesent) may be followed by pulmonaiy abscess Bronchial 
obstruction caused by the aspiiation of a foieign body or clots from pulmonary 
hemoriHage and less often septic emboli may also cause pulmonary abscess 
following injuiy to the chest 

Diagnosis The diagnosis of lung abscess m a patient with a severe 
thoiacic injuiy may be difficult, as other conditions may mask symptoms 
refeiable to the abscess Chills and high temperatuie occui first, followed by 
a harassing dry cough that soon is pioductive of blood-streaked mucus The 
raising of foul gas precedes the “vomica” or sudden coughing up of profuse 
amounts of purulent or foul sputum as the abscess breaks into the bionchus 
Foul sputum IS the most important diagnostic sign as it almost invariably 
means pulmonary destruction Putrid bronchiectasis and the rupture of a 
putrid empyema into a bronchus aie the two other mam conditions resulting 
m foul sputum The physical findings are notoriously deceptive Rarely 
are the physical signs of cavity present in acute lung abscess Dullness, 
diminished breath sounds, and medium to coarse rales are common findings 
The roentgenogram is usually diagnostic, showing, at first, an area of dense 
“infiltration” and then a cavity with a fluid level However, as long as the 
draining bronchus is blocked and the lung abscess cavity completely full, 
no fluid level can be seen Caie must be employed to take the i oentgenogram 
in the upright position (to demonstrate a fluid level) just after the patient 
has raised consideiable amounts of sputum, so that the level may be present 
Tieatmeiit As soon as the diagnosis of lung abscess is made, medical 
measures should be at once instituted In addition to sulfonamide therapy 
and a good hygienic regimen, indicated for all pyogenic infections, postural 
drainage (if with change of position cough not alarmingly violent) and bion- 
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choscopy are of first importance The branch bronchus diaming a lung abscess 
IS always severely inflamed — leading to obstruction of this bronchus because 
of the edema and swelling of the mucosa At bronchoscopy, shrinking solu- 
tions can be directly applied to the swollen mucosa The pus may thus be 
aspirated as the drainage into the mam bronchus is improved Frequently 
during the first hours following bronchoscopy, expectoration of pus is par- 
ticularly copious Therefore, bronchoscopy, should be uniformly employed 
in pulmonary abscess Because theie exists a constant chance of spread of 
the infection to other lobes and because the lung abscess walls become fibrous 
after a time, the sooner the bronchoscopy is done the better The clinical 
course, as shown by fever, toxicity, and amount of sputum, is important in 
evaluating the progress of the patient However, the chest roentgenogram is 
the deciding factor If the roentgenogram shows no definite diminution in 
the size of the abscess cavity after bronchoscopy, in spite of apparent clinical 
improvement, external drainage is indicated It is a prevalent medical opinion 
that after the diagnosis of lung abscess is made, one to two months should 
elapse to allow the patient to heal spontaneously With the present day 
technic of surgical drainage under local anesthesia, as shown on the authors’ 
films dealing with “Chest Injuries,” the percentage of cures is so high, and 
the mortality so low, that this unnecessaiy delay is unwarranted Time does 
not permit us to cite the evidence for external drainage Yet our results 
of early surgical drainage have been so good that we can categorically state, 
that when a lung abscess stops improving and becomes stationary in its course, 
constant danger of spiead exists and drainage is at once indicated 

The postoperative care is important and entails constant vigilance to make 
sure that the pulmonary pocket is healed before the chest wall sinus is allowed 
to close Because of success in closing the pulmonary pockets with fat 
grafts (technic illustrated on film), we are using them almost as a routine 
measure to shorten the otherwise often prolonged convalescence of the patient 

V Suppurative Pericarditis 

Diagnosis Suppurative pericarditis follows penetrating wounds and 
foreign bodies of the pericardium It is also secondary to pneumonia and 
empyema In addition to the general signs of marked sepsis, enlarged pre- 
cordial dullness, the signs of cardiac tamponade described earlier, and a 
palpable tender liver are present The heait shadow is diffusely widened 
at the apex and base Aspiration of purulent material by a needle in the cos- 
toxiphoid angle, as depicted on the film, is necessary to make the diagnosis 

Ti eatinent The treatment consists of general supportive measures, sul- 
fonamides intrapencardially, and surgical drainage as soon as pyogenic or- 
ganisms are demonstrated in the peiicardial fluid on smear or culture A 
parasternal incision, with resection of the entire 5th cartilage, or an incision 
parallel with and beneath the costal margin may adequately drain the peri- 
caidium without opening the pleural or peritoneal cavities 

VI Mediastinitis 

Diagnosis Rupture of the esophagus or trachea, whether from actual 
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peiforation or due to a nonpenetrating wound, is the most common cause of 
mediastinitis accompanying thoracic trauma Infected foreign bodies m the 
mediastinal tissues present another important cause of acute mediastinitis m 
persons with chest mjuiies The bieakdown of suppurative mediastinal lymph 
nodes or the spread of infections from adjacent organs also results m medias- 
tinitis The pus which is located m either the anterior or posterior medias- 
tinum, may bieak out through the intercostal spaces or follow the fascial 
planes to the neck or extend downwaid between the pillars of the diaphragm 
The signs and symptoms are those of a fulminating inflammatory process 
plus the effect of pressure on the mediastinal structures Frequently the 
general constitutional reaction is so severe as to mask the focal symptoms 
Infection m the anterior mediastinum results m pain under the sternum, 
dilatation of superficial veins, dyspnea, respiratory stridor, tenderness on 
pressure on the sternum If the posterior mediastinum is involved, pain be- 
tween the shoulder blades, dysphagia, dyspnea occur Dullness m the para- 
vertebral region or increased anterior mediastinal dullness may be present 
The roentgenogram generall}^ shows a widening of the anterior or posterior 
mediastinal shadows Air may be present A fluid level helps m the localiza- 
tion especially if, lateral, oblique, and decubitus films are taken 

Tieatment In addition to general supportive measures and sulfonamide 
therapy, the treatment consists of early surgical drainage If the abscess is 
in the anterior mediastinum, a paramediastinal incision is made, with complete 
removal of the incised cartilage to prevent certain chondritis of the remaining 
stump The pleural space is avoided and the mediastinal pocket entered If 
a posterior mediastinal abscess is above the fourth rib, it may be drained m 
the cervical region, entering at the anterior margin of the sternocleidomastoid 
muscle Below the level of the fourth rib, resection of mesial segments of 
two or three ribs along with their corresponding transverse processes at the 
appropriate level, will lead to the exposure of the abscess cavity The pleura 
is retracted laterally and soft rubber tubes, rubber dam, or gauze is inserted 
Since the mortality without surgery is 8o per cent, and that with surgery 
IS 30 per cent, early operation is recommended foi this desperate condition 

VII Bronchiectasis 

Bronchiectasis is such a late sequela of thoracic trauma that it is inserted 
here only for completeness, and warrants only the briefest remarks Bron- 
chiectasis follows a long-standing obstiuction of the bronchus such as an 
undetected foreign body in the bronchus It is also a complication of chronic 
lung abscess and suppurative pneumonitis If the infections discussed earlier 
m the article are promptly and thoroughly dealt with, few cases, indeed, will 
end up with bronchiectasis When any of these cases discussed above drag 
out, with chronic cough and expectoration, or repeated hemoptysis, bron- 
chiectasis should be suspected 

The diagnosis is made only by outlining the bronchial tree with lipiodol 
dropped into the trachea Bronchoscopy, however, should be always per- 
formed to rule out foreign body, granuloma, or tumor Palliative measures 
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such as postural drainage and repeated bronchoscopies aie of some benefit 
If the bronchiectasis is suflficiently localized, lobectomy and pneumonectomy 
(as shown on the film) are curative 

summary 

Approximately 25 per cent of the patients with thoracic injuries die be- 
tween the field and the collecting station The treatment of chest injuiies 
should, therefore, take precedence over those of other parts of the body 
An exception is the control of hemorrhage Since shock may be directlj 
due to serious cardiorespiratory disturbances it is often of vital importance 
that the chest emergency be cared for fii st The cause removed or alleviated, 
shock may cease to be of moment A thorough knowledge of the signs and 
symptoms, previously explained m this discussion, particularly those of 
cardiorespiratory disturbance, is, therefore, necessary Once the diagnosis 
IS established the immediate and perhaps urgently required treatment is as 
a lule comparatively simple 

1 The Closure of a Sucking Wound of the Chest Wall 

2 The Aspiration of Air to Relieve a Pressure Pneumothorax 

3 The Aspiration of a Cardiac Tamponade 

Even upon arrival at the hospital, open operations into the chest are 
not to be lightly undertaken In the most skilled hands gieat, and sometimes 
disastrous, complications may be encountered If there appears no clear 
purpose for surgical exploration it is wise not to explore until some definite 
indication does present itself It is particular!)- important that the anesthetist 
be trained in tracheal intubation, and that adequate facilities are provided for 
positive pressure anesthesia Seldom, indeed, is there justification in at- 
tempting a procedure of any magnitude before the injured has reached a 
hospital 

“Reparative Surgery” that can be postponed without undue hazard should 
be delayed until the condition of the patient has improved sufficiently to 
permit it Infection must be fought by the prompt establishment of a high 
sulfonamide blood level and by early surgical drainage following the principles 
discussed in this papei 

The authors wish to express their sincere appreciation for the valuable suggestions 
made by Doctors Evarts A Graham, Frederick Coller, Leo Eloesser, John Alexander, 
Edward D Churchill and Isaac Biggers in the preparation of the film and this discussion 
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A PILONIDAL SINUS OR CYST, known in the European literature as a 
sacrococcygeal sinus or cyst, is ordinarily thought of as a minor ailment and 
few clinics have devoted any particular care or study to the disease As a 
lule its operative tieatment and after-care are left to the less experienced 
members of the surgical staff who understand thoroughly the need of com- 
plete eradication, but often do not appreciate the importance of the sub- 
sequent treatment of the wound With the best of care, the postoperative wound 
may require weeks and even months to heal From the civilian point of view 
the time of actual disability is not long, but the extended period of dressings 
is a nuisance to the patient and to his physician In the Army, on the other 
hand, a soldier must remain in the hospital until the wound is completely 
healed and he is able to return to full duty This is often a matter of several 
weeks, or even months, and during this time not only the soldier’s services 
are lost but he also becomes a liability to his government A shortening of 
the healing period, therefore, is obviously desirable 

Recognition is usually given to Jonathan M Warren,^ of Boston, as the 
first to have called attention to this disease In 1854, he described an “Ab- 
scess Containing Hair on the Nates,” which undoubtedly was an infected 
pilonidal sinus, in 1867, he^ reported further experiences with the condition 
and gave an excellent clinical description of the disease as we know it today 
Credit for the first report of a case, however, apparently should go to 
A W Anderson,^ also of Boston, who, m 1847, told of having extracted 
hair from an ulcer in the sacrococcygeal region 

As the disease became better known, considerable speculation naturally 
arose as to its etiology There have been two principal theories concerning 
its origin, both of which concede its congenital nature 

One theory explains these epithelial sinuses and cysts as being derived 
from imperfect involution of the epithelial cells that participate in the forma- 
tion of the embryonal medullary canal and its sunounding medullary, or 
neural, tube Normally the caudal portion of the medullary canal and 
tube become almost completely obliterated during mtia-uterme life and 
are represented at birth by the filum termmale which extends from the 
distal end of the spinal coid to the back of the first segment of the coccyx^’ 
It IS conceived that epithelial cells of the caudal end of the neural tube 
may sometimes persist to adult life and, as epithelial rests, give rise to 

* Read before the Fort Devens Society of Medical Department Officers, May 19, 1942 
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pilonidal sinuses and cysts This theory was advanced by Tourneau and 
Herrmann,® in 1887, and has received considerable support, notably from 
Mallory,'^ and Gage ® Further evidence tending to confirm a developmental 
relationship between pilonidal sinus and the cord is afitoided by Moise,® 
and by Ripley and Thompson,^® who reported cases in which sinuses in 
the sacrococcygeal region became the route of infection for meningitis 

According to a second theory, pilonidal sinuses and cysts are derived 
from the skin through a process of invagination, which takes place during 
intra-uterme life In describing the case of a young girl with multiple 
congenital anomalies Fere^^ referred to what appeals to have been a pilonidal 
sinus as a cutaneous infundibulum of the saci ococcygeal region Stone^^ 
apparently accepted the theoiy of cutaneous invagination but was at a 
loss to explain why this inversion takes place He^® later conceived the 
idea that this development in the human was comparable to the invagina- 
tion of skin structures seen in the preen gland of birds and represented 
an atavistic tendency in man Fox,^"* basing his opinion on embryologic 
studies, was thoroughly convinced that pilonidal sinus is a derivation of 
skin ectoderm and not neurogenic or enteric in origin Kooistra,^® after 
sectioning a number of embryos, found evidence to support both theories, 
and the matter still remains unsettled 

There is some indication that heredity may be a factor, though probably 
a small one, in the occurrence of pilonidal sinuses Cases are sometimes 
found in more than one member of a family, and their presence in identical 
twins has been reported by Mechhng,^® and by Goldberg and Bloomenthal 
The disease is occasionally associated with other congenital anomalies, as 
in the case reported by Fer^^^ but this is by no means the rule In most 
of the large series reported there are one or more instances of spina bifida, 
but this probably is incidental 

Pilonidal sinuses are preponderantly a disease of young adult males 
and, therefore, become a matter of some military importance at this time 
The ratio of males to females is usually reported as something like three 
or four to one In the series to be herein reported the ratio is approximately 
three males to one female Newell,^® however, reported a predominance 
in the female Some idea of the general incidence of the disease may be 
obtained from Kooistra’s^® finding that a diagnosis of pilonidal sinus was 
made on 350 of 313,285 patients admitted to the University Hospital, Ann 
Arbor, during a period of 14 years, an incidence of approximately i 940 
Seventeen of the 350 were recurrent lesions As a rule the sinus or cyst 
gives no trouble before puberty Attempts have been made to directly 
relate the onset of symptoms to the development of the sex glands, but 
there appears to be little evidence to support this thesis It is probable 
that the development of hair Avhich occurs at this period has something to 
do with the production of irritation in the sinus, but this assumption is 
open to question because not all pilonidal sinuses are hair-beanng In 
Kooistra’s’^® series 52 per cent contained hair, and in the cases reported by 
Smith^® hair was found m only 40 per cent 
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The disease appears to belong almost exclusively to the white race A 
few cases in the Negro have been reported but Kooistia^^ states that no 
cases have been reported in the yellow, brown, and red races The people 
of these races have relatively little hair on the body and this may be one 
factor m the absence of pilonidal sinus disease Our senes of 214 patients 
IS made up of 55 Italians, 47 Central Euiopeans, 41 Jews, 24 Anglo- 
Americans, 16 Irish, 8 Poles, 5 Greeks, 5 Russians, 3 Armenians, 2 
Negroes, i Spaniard, i Maltese, i Finn, i Turk, and 4 of undetermined 
origin Considering the mixed population of the City of New York the 
racial distribution of cases is probably of small statistical value 

There is some difference of opinion as to the importance of tiauma m 
the activation of a pilonidal sinus Thirty-two per cent of Kooistra’s^® 
350 cases gave a definite history of injury, but 87 per cent gave no history 
of injury within a month of the onset of symptoms Of our 214 patients, 
only 13, or 6 per cent, attributed the onset to direct injury In addition 
to this number it is interesting that five of the 57 female patients m the 
series, or 8 8 per cent, gave childbirth as the cause of onset and two 
others stated that symptoms began during pregnancy Kooistra;^^ was 
of the opinion that injurj^ is a relatively unimportant factor in the etiology 
of pilonidal sinus, and in this he is supported by Bieidenbach and Wilson,^® 
and others In military surgery, however, one is impressed by the number 
of cases coming from the mechanized units where scant cushioning of 
metal seats is the rule 

Fundamentally, the lesion consists of a single sinus or of multiple 
midline sinuses leading to one or more cystic cavities situated in the sub- 
cutaneous fatty and fibrous tissue overlying the region of the lower sacrum 
and coccyx The external opening is situated caudal to the cyst and a 
probe entering it passes obliquely in an anterior and cephalic direction 
According to Rogers,^^ 70 per cent of the sinus tiacts are of this simple 
variety He found no evidence that the epithelial rests constituting the 
original congenital defect had any tendency to extend except as they were 

forcibly displaced by abscess and scai tissue formation David^^ is also 

of the opinion that the complications of epithelial arrangement are caused 
by the development of an abscess within the cyst which upon rupturing into 
the surrounding tissues carries with it a part of the cyst wall The dis- 
placed portion of cyst wall gradually forms a new cavity lined with epi- 
thelium Whatever the explanation may be, it is well known that some 
of the tracts do have ramifications 

The great majority of cases have some degiee of infection and, as a rule, 
there is a history of abscess or of drainage from the sinus Infection was 
present in all of Roger’s^^ cases The same was true of viitually all of 

the 214 patients comprising the series being reported Exactly one-half 

of the 214 gave a history of one 01 moie abscesses which had either been 
incised or had ruptured spontaneously 

The symptoms and signs of the disease are too well known to warrant 
extended discussion They are due almost entirely to the infection, which 
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differs clinically from ordinar}'' infections by persisting for a long time 
after drainage has been established The infection rarely gives rise to a 
bacteremia, but in one of our cases arthritic symptoms appeared to be 
definitely related to exacerbations of the infection m the sinus 

Differentiation of this disease from other conditions which manifest 
themselves in the same region is usually not difficult Occasionally the 
opening of a sinus near the tip of the coccyx is mistaken for an anal fistula, 
but the careful introduction of a probe or a roentgenogram following the 
injection of radiopaque medium will as a rule establish the diagnosis An 
infected sinus or cyst may be mistaken for an ordinary abscess but this is 
no longer a common error 

The treatment consists essentially in the removal or destruction of the 
tissues that make up the sinus or cyst, particularly the epithelial elements, 
but there is some difference of opinion as to how this is most satisfac- 
torily accomplished There are two general methods, one is a direct attack 
on the sinus itself, the other attempts to encompass and remove the tissues 
which contain the sinus Either method is effective if properly applied, but 
recurrence or persistence has been and continues to be a problem, and the 
time required for healing is often long 

Direct attack upon the sinus is usually made with a destructive chemical 
or the cautery Anderson,® who reported the first case of pilonidal sinus 
in 1847, opened the mouth of the sinus and used injections of silver nitrate 
and chloride of mercury without any perceptible benefit He then made 
an opening m the cavity and three weeks later found the patient entirely 
well The chemical treatment of pilonidal sinuses has not' been widely 
adopted since this first trial, but with improved solutions and better technic 
more favorable results have been obtained, and the method has gained a 
certain number of adherents Rogers,®^' and his associates, 

have been consistent advocates of cautery excision and this method, in their 
hands, has given very good results, particularly with respect to the diminu- 
tion of recurrences 

The majority of surgeons, however, treat pilonidal sinuses by excision 
with varying amounts of the surrounding tissue, and differ mainly in the 
method of closing the wound Primary closure, open packing, and a number 
of modifications of these basic methods have been used but few are satis- 
fied, either with the rate of recurrence or with the healing time The prin- 
cipal drawbacks to primary closure are the constant presence of infection 
and the difficulty in obliterating the dead space To overcome these dis- 
advantages Ferguson and Mecray^^ defer operation until infection is con- 
trolled, and after the excision effect a careful closure which includes the 
use of retention sutures of alloy steel wire The patient is then placed on 
his back on a litter or operating table for an hour to insure obliteration of 
any residual dead space Gage®'^ believes that operation should be deferred 
till six months after infection He uses fine silk ligatures, does a primary 
closure, and applies a sea sponge under pressure to maintain the obliteration 
of the cavity In his experience, silk ligatures have given better results 
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than catgut Dunphy,^^ also, has advocated the use of silk and believes 
It reduces the number of recurrences Colp^“ described a method of primaiy 
closure m which the flaps are mobilized, by undermining if necessary, and 
then sutured separately to the midline of the posterior sacrococcygeal ligament 
by interrupted mattress sutures of silk The skin edges are appioximated 
with fine silk 

Primarily concerned with obliteration of the dead space, Lahey,^^ m 
1929, introduced an operation m which a flap with a single pedicle is laised 
fiom the adjacent skin and subcutaneous tissue and moved ovei into the 




Pig 1 — Typicil appearance of pilonidal sinus, 
hair projecting from middle sinus 


with Fig 2 — Sinus removed by block 

dissection, with undermining of skin 
and exposure of sacrococcygeal fas 
cia 


wound In 1932, Lahey^'* suggested that a flap be supported by two pedicles, 
one above and one below, instead of the original single pedicle above 
Swinton and Hodge^^ state that the modified operation is occasionally used 
at the Lahey Clinic, but limited block-excision with light packing is the 
common practice 

The advantages of a successful pi unary closuie are obvious — the heal- 
ing time and the period of disability are gieatly reduced A few surgeons 
have reported excellent results with primary closure but m most hands the 
method is disappointing The wound frequently fails to heal pei pumam, 
and often there is peisistent drainage or recurrence 

It IS probable that the majority of surgeons m this country treat pilonidal 
sinuses on the principle of excision with open packing of the wound Be- 
lieving that recurrences are fewer, they aie willing to accept the prolonged 
healing time In a collected series, Kleckner^® lepoited 4,699 cases, of 
which 4,231 had been operated upon by the open method 

The lesults achieved with the standaid methods of treatment show con- 
siderable divergence, as reported from various clinics and by individuals 
Gage,^*^ for example, recoids 42 cases of excision, with primary closure, 
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without a single recurrence, whereas in the cases reported by Rogers 
and HalP’^ the recurrence rate for primary closure was 36 per cent in the 
first series and 38 per cent in the second 

In attempting to compare the results of primary closure with the open 
method the same difficulty is encountered In the large series collected 
by Kleckner^® the incidence of recurrence was reported as 23 29 pei 




Fig 4 — Sutures tied, bringing skin edges to fascia near mid 
line without tension 


cent foi primary suture and only i 13 per cent for the open method 
Rogers and HalF'^ found recurrence rates of 18 and 25 per cent of the 
cases treated by open operation in their first and second series respectively 
In Kooistra’s^® series the recurrence rates for primary closure and open 
packing were the same — 21 per cent 

The time required for healing of the operative wound is a matter con- 
cerning which complete data is not available The advocates of primary 
closure have emphasized the time factor when comparing this method with 
open packing, but usually do not take into account the cases that fail to 
heal by primary union Rogers and HalF" reported an average healing 
time of 2 7 months, approximately 82 days, following cautery excision 
In the series of 29 cases treated by excision and light packing, Swinton 
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and Hodge^^ found that 21 cases required 16 weeks, or 112 days to heal 
and the remainder up to one year In Kooistra’s cases, 24 treated by 

excision with packing lequired an average healing 
time of 90 days after leaving the hospital , m an equal 
number treated by pi imary closure the healing period 
was only 24 days Two cases that were closed pri- 
marily but later opened and packed required 94 
days to heal Rogers"^ has pioperly stressed the im- 
poi tance of the after-cai e of these cases, and believes 
It IS important that the patient should lemain under 
the tieatment of the surgeon who has opeiated 
upon him 

The type of wound closure about to be described 
(Figs 1—5) has as its principal purpose the elimina- 
tion of as much of the open wound as possible with- 
out the creation of a dead space The tissue involved 
by the sinus is removed m the usual manner by 
block dissection, and partial wound closure is effected 
by sutuiing the skin edges to the sacrococcygeal 
fascia and underlying ligamentous structures The 
skin edge on each side is brought as near the mid- 
Ime as possible without tension, and sutured with 
interrupted medium black silk, leaving a narrow un- 
Tig s —T he ends of the covcred aiea of fascia between If this area is 

fon^rre'tledVeV a d«Li«g ^^ige eiiougli to Warrant It, a skin giaft may be 

enfen “‘means" T hold" applied to further shorten the period of healing 

drls-^lng' proves a ^apiibry A loll of gauzc oi cottoii wet With normal saline 

sTnous’exuda^l absorption of go^^tion IS then applied to the wouiid, where it may 

be conveniently anchoied by means of the suture 
ends which aie left long to facilitate their subsequent identification and 
lemoval If the wound can be kept clean it need not be disturbed foi 
several days, but the diessing may be changed frequentl}'^ if necessary 
The sutures should not be lemoved until the skin has become firmly fixed 
to the fascia This is usually a matter of 10 or 12 days 

Since January i, 1936, 214 ward patients have been operated upon m 
New York Hospital for pilonidal sinus, with a total of 230 operations per- 
formed The procedure described above was introduced at this hospital in 
1936 and has since been carried out in 144 patients a total of 147 times, 
three of the patients having been operated upon twice During the same 
period 36 operations with open packing, 34 with primary suture, and 
12 incisions for the drainage of abscesses were performed One other 
patient had a total of seven operations of A'arious kinds and extent, and 
was not considered suitable for classification With few exceptions the 
opeiations ivere performed by the lesident staft The treatment follow- 
ing discharge from the hospital was conducted in the Out-Patient Depart- 
ment wath no particular group assigned to these cases 
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The results of the various procedures are shown in Table I and are 
based upon operations performed rather than the number of patients operated 
upon When a patient entered the hospital with a recurience he was con- 
sidered another case regardless of where the previous operation had been 
done In reviewing the table, “cases” should be thought of as operations 
for pilonidal sinus rather than the number of patients involved All cases 
including the simple incisions for drainage and the one not classified 
appear in the table 

The healing time is based upon the number of cases in which it could 
be definitely determined, and includes the days spent m the hospital after 
operation Patients who had small granulating areas or slight discharge 
when last seen were not considered as healed The numbers of cases upon 
which healing time is based are entered in parentheses 


Table I 

THE RESULTS OF SURGICAL TREATMENT IN 230 CASES OF PILONIDAL SINUS 




Average 






Result 


No 

Postop 

Average 



Persistence or 

Unknown or 

Type of 

of 

Days in 

Healing Time, 


Cured 

Recurrence 

Incomplete 

Wound Closure 

Cases 

Hospital 

in Days 

No 

Per Cent 

No 

Per Cent 

No Per Cent 

Suture of skin edges to 









sacrococcygeal fascia 

147 

14 

69, (89 cases) 

97 

66 

19 

12 9 

31 21 1 

Packing of open wound 

36 

25 

118 (26 cases) 

26 

72 2 

6 

16 7 

4 11 1 

Primary suture 

34 

14 

70 (23 cases) 

22 

64 7 

11 

32 3 

1 2 9 

Incision and drainage 

12 

7 

153 (3 cases) 

6 

50 

2 

16 7 

4 33 3 

Unclassified 

1 





1 




The results with respect to cure and recuiience are based upon exam- 
inations m the Follow-Up Clinic In a few instances information from 
sources considered reliable was accepted No case was recorded as cured 
until followed for at least six months, the average time being i6 months 
The term "cured” as applied to cases of incision and drainage should be 
interpreted as meaning free of symptoms for six months or more after 
operation Patients who had a follow-up of less than six months were 
considered too recent for classification except in instances of recurrence 
Percentages are based upon the total number of cases treated by each 
method as they appear in the first numerical column 

The average healing time following suture of skin edges to sacrococcygeal 
fascia was 69 days, for open packing it was 118 days, and for primary closure 
70 days Eighteen, or 53 per cent, of the 34 primary closures developed 
abscesses or other complications which greatly, prolonged the healing time 
and raised the general average 

The patterns of wound healing m the cases with known healing time 
are shown m Charts i, 2, and 3 The healing time is represented by the 
ordinates and the number of patients by the abscissas In Chart i it will 
be observed that 47, approximately 52 per cent, of the 89 cases treated by 
suture of skin to fascia had healed within a period of 50 days, and 62, or 
70 per cent, within 70 days Chart 2, representing 26 cases treated by open 
packing of the wound, shows only 2 cases, appi oximately 8 per cent, healed 
within 50 days, and 9, approximately 35 per cent, healed within 70 days 
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Chart 3, representing 23 cases treated by primary suture, shows that 14, 
approximately 61 per cent, had healed within 50 days, and 15, or 65 per cent, 
within 70 days The numbers and percentages of cases requiring more than 
150 days to heal were 6, or 6 7 per cent, for suture of skin to fascia, 6, or 
23 per cent, for open packing, and 4, or 17 per cent, for primary closure 
The figures dealt with are obviously too small to serve as a basis for con- 
clusions but by providing an indication of healing tendencies in the three 
types of wound treatment they perhaps have a limited statistical value 


Wound Closed by Suture of Smn Edges to Sacrococcygeal Fascia — 89 Cases 
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Healing Time in Dajs 

Chart i — Healing pattern of wounds closed by suture of skin edges to sacrococeygeal fascia 
The peak of healing was reached at so days, and the period in which the majority of cases healed 
was from 30 to 70 days 


With respect to ultimate results, there were 19 known instances of re- 
currence or persistent drainage, 129 per cent, in the 147 cases of closure 
by suture of skin to fascia , 6, or 16 7 per cent, in 36 cases treated by open 
packing, and ii, or 32 3 per cent, in 34 cases closed by primary suture 
In this series the results of closure by suture of skin to fascia compare 
favorably in all respects with those of open packing and primary suture 
The healing time following this operation is shorter than that generally re- 
corded for the open operation It is longer than the healing time for primary 
suture when primary suture is successful, but is shorter than that required 
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by the wound which has been closed by primary suture but subsequently 
opens and requires packing 

Recurrence or persistence of the disease following closure by suture of 
skin to fascia is less frequent than that reported by Dunphy,^^ and Kooistia^^ 


Wound Left Open and Packed — 26 Cases 



Healing Time in Days 

Chart 2 — The healing of wounds treated by open packing The high point of healing was reached 
at 70 days The period in which the majority of cases healed was from 60 to 110 days 

foi piimary closure and for open packing It is much higher than Fergu- 
son, and Gage^® repoit for piimaiy closure, and higher than Rogers 
and Dwight^® give foi cauteiy excision with open packing Rogers^’- is 
convinced that many so-called recun ences are simply infected dead spaces 
due to faulty healing, and one must agree with him as to the importance of 
proper attention to the healing wound 


Wound Closed by Primary Suture — 23 Cases 
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Healing Time in Days 


Chart 3 — The healing of wounds closed b> primary suture The high point in healing was at 
20 days, and slightly more than half the cases had healed within 30 days The remainder failed to 
heal per primam and required \arjing lengths of time up to 320 days 

SUMMARY 

1 The series consists of 214 patients upon whom 230 operations for 
pilonidal sinus were performed 

2 No two cases came from the same family 

3 There was no tendency toward association with other anomalies, but 
an incomplete spina bifida was present in one case 
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4 The ratio of males to females was three to one 

5 The series contains two Negroes, but no members of the yellow and 
brown races Italians, Central Europeans, and Jews were the largest racial 
groups in a very mixed population 

6 All cases presented evidence of infection, and half of them gave a 
history of one or more abscesses which had either been incised or had rup- 
tured spontaneously 

7 Thirty-two, or 15 per cent, had had one or more previous operations 
designed to bring about a cure 

8 Only 13, or 6 per cent, of the 214 patients attributed the onset of 
symptoms to trauma 

9 Five of the 57 female patients, 8 8 per cent, gave childbirth as the 
cause of onset, and two others stated that symptoms began during pregnancy 

10 The youngest patient was 15 years of age and the oldest was 55 
The average age of onset was 22 5 years, and the average age at the time 
of admission was 25 years Four patients stated that the sinus had been 
observed at birth 

11 A method of partial closure intended to reduce the healing time is 
presented and the results aie compared with other methods of closure 

12 The initial results are encouraging but the ultimate value of the 
method depends upon further experience with it 

13 The postoperative care is important, both with respect to healing 
time and to the incidence of recurrence 
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FROM THE DEPARTMENTS OF MEDtCINE AND SURGERA, GRASSLANDS HOSPITAL VALHALLA N Y 

Arteriovenous aneurysms are fairly common and lather easily recog- 
nized by the classic physical signs Avhich are invariably present, with possible 
minor variations We are presenting our experiences with an arteriovenous 
aneurysm which was unusual m its location The difficulties encountered in 
the surgical correction of the condition were considerable Our findings 
are analysed and a brief summary of the syndrome is presented 

Case Report — B J, Negro, male, age 31, was admitted to Grasslands Hospital, 
June 26, 1939 Chief Complaint Unilateral swelling and pain of left side of face of 
four months duration Past Hist 01 y Essentially negative Afalaria as a child His- 
tory of luetic infection in 1934, with subsequent treatment Piescnt Illness Began 
January 17, 1939, when patient was stabbed m the chest The White Plains Hospital 
reported a half-inch laceration of the skin, located about one-half inch below the 
sternal notch over the manubrium sterni, to the left of the midline, which was sur- 
rounded by a hematona The patient expectorated grayish blood-streaked sputum 
The laceration was sutured and drained The patient remained in the White Plains 
Hospital for four days, during which time roentgenograms of his chest were taken 
He left the hospital against advice 

In February, 1939, about one month after the accident, the patient began to notice 
swelling of the left side of his face Two weeks later he noted a buzzing in his left 
ear on turning his head to the left He gradually developed shortness of breath which, 
on admission, had increased to the point where dyspnea was present on climbing two 
short flights of stairs Shortness of breath was also initiated by lying on the left side 
During the three months prior to admission, he had a cough productive of three to 
four ounces of thick sputum per day The swelling of the left side of the face gradually 
became more marked and finally involved the left side of the neck This swelling 
receded during the daytime, only to return during the night while the patient was 
lying down During the weeks previous to his admission the buzzing in his left ear 
had become more annoying and was present most of the time For three months 
previous to admission he had noted soreness under the upper sternum, aching pains 
down the left arm, and pain in the temporal region 

Physical Examination — Positive Findings On inspection, there was an obvious 
unilateral swelling of the left side of the face involving the left cheek, left lower eyelid, 
the temporal and parietal regions, and extended down over the mandibular region, 
and entire left side of the neck The swelling was soft and did not pit There was 
no exophthalmos, the pupils iveie equal and reacted normally, fundi were normal 
On auscultation, a double bruit could be heard over the greater part of the swelling, 
but was loudest over the carotid region of the left side of the neck The veins over 
the entire left side of the face, head and neck were swollen and distended A palpable 
systolic thrill w’as present over both carotids, more marked on the left 
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Examination of the chest showed an old, healed scar of the short, diagonal, three- 
quarter-inch stab wound over the manubrium sterni, slightb"^ to the left of the midline, 
and about one inch below the sternal notch The veins over the left side of the chest, 
left shoulder region, and entire left arm, as well as over the left upper portion of tlie 
abdomen were distended A thrill, systolic in time, was felt over the entire cardiac 
area, but was most marked over the upper anterior chest There was no pulsation 
in the sternal notch, no brassy cough, noi tracheal tug 

Fig I 



Fig 2 Fig 3 

Fig I — Six foot i oentgenograni of the heart, September 24, 1936, two and one half jears before 
the stabbing showing a normal heart and clear lung fields 

Fig 2 — Roentgenogram of chest taken immediately following the accident, patient in prone posi 
tion showing a marked widening of the mediastinum, especially superiorly 

Fig 3 — Six foot roentgenogram taken in July, six months after the injury, showing a a\idening 
of the superior mediastinum and generalized cardiac enlargement 

The heart was enlarged m the transverse diameter A loud, continuous murmur 
was heard over the entire precordium, which was loudest m the region of the scar 
The quality and transmission of the diastolic murmur was very similar to that found 
in aortic insufficiency The pulse was Coirigan in quality and there %\as a “pistol-shot” 
sound audible over the femoral vessels Blood piessure 140/60, equal on both sides 
The left upper extremity, including foreaim and hand was swollen, as compared 
to the right The left arm measured 28^2 cm in circumference, 12 cm above the 
elbow, and 32^ cm, 12 cm below the elbow The light arm measured 28 cm m 
circumference, 12 cm above the elbow, and 32 cm, 12 cm below the elbow Pulse 
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88-100, respirations 18-22, at rest The remainder of the physical examination was 
essentially negative 

Laboiato)y Data — Venous pressure — left 35 cm (350 Mm) water, right 14 cm 
(140 Mm) water Circulation time (calcium gluconate) — left 19 seconds, right 16 
seconds Wassermann and Kline tests negative Urine negative Hb 14 5 Gm R B C 
4,550,000 WBC 4,700, differential count 52% neutrophils, 46% lymphocytes, 2% 
monocytes Blood sugar 80 mg N P N 25 mg CO2 combining power — left arm 63 , 
right arm 63 

There had been occasion, in 1936, for a chest roentgenogram, which we were fortu- 
nate enough to obtain for comparison with the films made subsequent to the stabbing 
injury 


7/5/39 A 7/29/39 B 9/22/39 C 



Graph i — Tracing A was taken two weeks preoperative Tracings B and C were taken ii dajs, 
and three months postoperative The essential difference is in the height of the T waves Those in 
tracing C are much higher than those of either A or B 


Roentgenologic Examinations — (i) The 1936 films showed the mediastinum of 
normal width, the heart was not enlarged, and there was no evidence of pleural fluid 
(Fig I) 

(2) The films taken January i/, 1939, directly after the accident showed marked 
w'ldenmg of the mediastinal shadow, particularly in the upper portion (Fig 2) 

(3) Films taken in July, six months after the injury, showed a widening of the 
superior mediastinum, and generalized enlargement of the heart (Fig 3) 

An electrocardiogram, July 5, 1939, was within normal limits (Graph i) 

This case was investigated by the medical department and the diagnosis of arterio- 
venous aneurysm between the left innominate v'ein and the left common carotid artery 
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was arrived at A surgical consultation was requested and the decision to operate 
was based on the following considerations 

First, for the relief of tinnitus, pain and swelling of the face and neck Second, 
but most important, for the alleviation of the altered dynamics which had caused 
cardiac enlargement and disability that would undoubtedly have been progressive 
It was felt that a sufficient length of time had elapsed to allow collateral circulation 
to be established, m case ligation was found to be necessary 

Opoatio }} — July i8, 1939 Under nitrous oxide, ether and oxygen anesthesia, 
with a closed system and endothracheal tube, a vertical midline incision was made 
from the midpoint (hyoid bone) on the neck, downward to the junction of the upper 
and middle thirds of the sternum The sternum was divided in the midline from the 
sternal notch to the level of the third interspace The sternal incision was carried to 
the left just below the third rib The upper left sternal segment still attached to left 
clavicle, first, second, and third left ribs, was then elevated The pleura was separated 
bluntly from the deep surface of the sternum and ribs A mass completely filling the 
area, exposed by elevating that portion of the bony framework, obscured the structures 
beneath Investigation of this mass, which was soft and pulsating, showed it to be 
made up of very friable tissue It was ovoid in shape, and measured about seven 
centimeters m width and ten centimeters in length By careful dissection below this 
mass the arch of the aorta was identified The innominate vein, as such, could not 
be accurately demonstrated except at the distal end of the mass, where a structure 
resembling a dilated large vein coursed outwards beneath the clavicle The internal 
jugular vein was identified m the lower neck close to the common carotid, and this 
vein was likewise dilated more than normal It was concluded that this mass repre- 
sented a pulsating aneurysm of an arteriovenous fistula between the left innominate vein 
and probably the left common carotid artery In attemping to encircle the distal 
portion of the mass by blunt dissection for purposes of ligation, its wall was torn 
Hemorrhage could not be controlled by suture-ligature because of the friable nature of 
the sac A curved Kelly clamp, carefully applied over the rent, stopped the bleeding 
A further attempt to separate the midportion of the sac from the aortic arch, m the 
hopes of applying a ligature in this location, resulted in a second tear which was con- 
trolled by a straight Kocher hemostat At this point, digital pressure was applied in 
an attempt to find out if the communication between the artery and the sac could be 
obliterated That portion of the sac overlying the proximal end of the carotid artery 
was squeezed between the fingers, and immediately the pulsation and thrill disappeared 
from the sac The anesthetist observed that with the application of this pressure, the 
thrill in the upper neck abruptly ceased It was then felt that if a ligature could be 
applied surrounding this portion of the sac, in all probability, the fistula would be ob- 
literated In spite of proceeding with extreme caution, to dissect a space to pass a 
ligature, a third opening was made into the sac, with rather brisk hemorrhage result- 
ing A straight Kocher clamp controlled this bleeding It now became evident that 
it would be impossible to ligate, suture or transfix any portion of the mass However, 
with the three clamps in place, hemorrhage was controlled and the fistula was apparently 
closed Consequently, the clamps were left m siUt, and iodoform gauze was packed 
around them Dr Rudolph Matas^ states that “The use of hemostatic clamps allowed 
to remain ni situ have saved many lives, or at least bridged over many critical situations, 
when ligations were impracticable I know this is true in my own experience” The 
elevated left upper chest wall was approximated to its other half, the clamps coming 
out through the opening m the sternum The soft tissues were approximated, and the 
clamps bound securely together, and a suitable dressing applied 

Postoperatively, the patient had a fairly uneventful couise He developed a mild 
infection in the wound, probably because of the packing and clamps On the twelfth 
day postoperative two of the clamps w'ere carefully removed, without mishap The 
third clamp was removed on the fourteenth postoperative day, with no untow'ard results 
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The packing was removed bit-by-bit, and the infection treated 

A roentgenogram, August i6, J939, 30 days postoperative, showed a reduction in 
the size of the mediastinal shadow, as well as a reduction in the size of the heart to 
normal (Fig 4) 

An electrocardiogram, July 29, 1939, ii days postoperative, showed flattening of 
the T waves (Giaph i) By September 22, 1939 65 days postoperative, the T-waves 
had increased in amplitude to a point where they were higher than they were on 
July S, 1939 (Graph i) 



Fig 4 — Six foot roentgenogram, August 16, Fic 5 — Six foot roentgenogram, October 7, 

1939, one month postoperatively showing narrow 1939, three months postoperatne showing further 
mg of the superior mediastinum, and a reduction narrowing of the superior mediastinum and a 
in the size of heart towards normal normal cardiac shadow 

The patient continued to show improvement Some four weeks after operation 
a rather profuse, sudden hemonhage occurred from the depths of the wound, but 
this was fairly easily controlled by packing Several minor episodes of bleeding 
occurred after this, and a low-grade infection persisted, but the wound slowly granu- 
lated A small abscess developed over the left uppei chest, some seven centimeters 
from the main wound, which was incised and drained Cultuies from this abscess 
showed Staphylococcus albus 

On September 24, 1939, 67 days after operation the patient left the hospital 
against advice At this time the patient offered no subjective complaints He had no 
pain, or respiratory distress He felt no buzzing in his ear or head The swelling of 
the left face and head had completely disappeared There was no evident swelling 
of the left shoulder or left arm, though a slight fullness peisisted in the left supra- 
clavicular region The distended neck veins had receded to normal size The previously 
heard loud murmurs and cardiac thrill had disappeared A low systolic blowing 
murmur was heard at the apex, which was transmitted to the left axilla No bruit 
could be heard in the chest or in the neck The heart rate had slowed to 80, and 
less The blood pressure was approximately equal on both arms (left 98/70, right 
100/74) Venous pressures — right 125 cm (125 Mm) water, and left, 305 cm 
(305 Mm ) watei 

The patient was seen July 26, 1941, at which time he was working in a munitions 
factory lifting 75 to 100 lbs This caused him no discomfort Blood pressure 126/76 
Pulse 78 No thrills or murmurs Fluoroscopy and electrocardiogram normal 

Discussion — Arteriovenous fistulae may be either acquired or congeni- 
tal Both types produce local circulator}^ disturbances, and, if large enough, 
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profound systemic effects The most common arteriovenous aneurysms are 
those involving the femoral, axillary, brachial, popliteal, carotid and sub- 
clavian vessels ^ Our case is unusual, m that there is only one other recorded 
m which a fistula has connected the left internal carotid artery and the left 
innominate vein The other instance was overlooked during life, and was 
the ultimate cause of death 

The largest arteriovenous aneurysms are those connecting the aorta and 
the superior vena cava^ They are practically always luetic m origin, and 
are invariably fatal within a short time Recently, Burwell^ introduced the 
interesting conception of considering the placental circulation as an arterio- 
venous aneurysm His points are well made and quite fascinating to con- 
template The most common congenital artei lovenous aneurysm is the 
patent ductus arteriosus 

The classic local signs of a continuous bruit and thrill, which are ac- 
centuated during systole and transmitted along the line of the vessels may 
be modified by the position of the arteriovenous aneurysm In our case a 
diastolic thrill could not be felt, probably because of the chest thickness 
The history of lues, the increased pulse pressure, Corrigan pulse, “pistol- 
shot” sound ovei the femoral arteries, and the character and transmission of 
the diastolic murmur made it necessary, for a while, to consider the possibility 
of a concomitant aortic valve lesion 

The local manifestations, m most instances, are of little consequence , a 
notable exception is the arteriovenous aneurysm involving the internal carotid 
artery and cavernous sinus, m which condition, the local changes greatly 
overshadow the systemic disturbances^^ In the case heiem presented, 
the patient sought relief for the local swelling, pain and bruit 

The systemic phenomena which may occur with an arteriovenous 
aneurysm are (i) An acceleiated heart rate, (2) an elevation of the systolic 
arterial blood pressure and a lowering of the diastolic pressure, with a re- 
sultant increased pulse pressure, (3) an increased cardiac output, with 
a decreased stroke output, (4) engorgement of the pulmonary vessels, 
(5) an increased ciiculatmg blood volume, (6) cardiac enlargement, (7) 
electrocardiogiaphic changes, and (8) increased venous pressure and cii di- 
lation time, with the onset of cardiac decompensation Where 

the fistula is accessible, compression will cause immediate slowing of the 
heait rate (Branham’s sign), and a lowering of the systolic arterial blood 
pressure These changes may be of assistance in evaluating the degree to 
which the arteriovenous aneurysm is influencing the general circulation 
In some instances it has been possible to witness, under fluoroscopic examina- 
tion, a clearing of the pulmonary fields upon digital obliteration of the shunt 

The position of the fistula m our case, precluded its compression before 
operation Following surgical correction, however, the anticipated reversals 
were observed The changes in heart size were the usual thing The en- 
largement which occurs with arteriovenous fistulae is considered to be 75 
to 90 per cent dilatation and 10 to 25 per cent hypertrophy'^ The longer 
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the communication remains patent the more genuine hypertrophy develops 
and the less likely is complete reversihiht}'^ possible 

The fullness of the left supraclavicular area, and the elevated venous 
blood pressuie m the left upper extremity which have jjersisted after opeia- 
tion in our patient aie, we feel, the result of a marked narrowing of the 
lumen of the left innominate vein The cardiac rate has slowed from 88- 
loo to 78 The systolic blood pressure which was 140 before operation 
fell to 100 after opeiation, while the diastolic blood pressure lose from 60 
to 70 While others have recoided impiovement m the electrocardiographic 
picture following obliteration of the fistula, the changes in the T-waves 
noted here are perhaps moi e marked than usual 

The effects of an arteriovenous aneuiysm aie dependent upon the size 
of the fistula, the caliber of the vessels involved, the distance of the fistula 
from the heart, the volume and force of the arterial stream which is short- 
circuited, the age of the patient and his activity, and the presence 01 ab- 
sence of coexistent cardiovascular disease V ariations and combina- 

tions of the above factors explain the differences that one finds m the descrip- 
tion of cases in the hteiature 

The time-honored surgical treatment for arteriovenous aneurysms has 
been a four-point ligation and remoA^al of the fistula The excellent 

results of Gioss in the simple ligation of patent ductus arteriosus,^^ and our 
own end-result are evidence to the fact that radical pi ocedures are not always 
necessary Correction thiough transvenous arteriorrhapy is frequently the 
method of choice In desperate situations, whei e cardiac decompensation 
IS severe, one may have to lesoit to simple ligation of the proximal portion 
of the vein for tempoiary alleviation The fact of the matter is that it is 
often impossible, and occasionally extremely dangerous, to perform a four- 
point ligation Each instance of an arteriovenous aneurysm requires care- 
ful thought and precision m judgment as to the proper surgical piocedure, 
the age of the patient, the duration of the aneurysm, the vessels involved, the 
type of fistula pi esent, etc , will all influence the type of appi oach necessary, 
and very often the decision will have to be altered at the last moment to 
meet the findings disclosed at operation 

Unfavorable effects upon the general circulation aie the usual indication 
for surgical intervention Occasionally local changes alone may be trouble- 
some or seiious enough to requiie correction In patent ductus arteriosus 
the question has arisen as to whether one is justified in ligating the fistula 
solely on the possibility that bactei lal endocarditis may be obviated The 
Stteptococcus vvidans has been known to lodge at the side of a traumatic 
arteriovenous aneurysm, causing all the signs and symptoms of a subacute 
bacterial endocarditis Hamman and Rienhoff® repoited the surgical cure of 
such a case 


SmiMARY AND CONCLUSION 

(i) A case of aiteriovenous aneurysm involving the left innominate vein 
and the left common carotid artery is reported 
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(2) The local and general manifestations of arteiiovenous aneui}sins 
aie listed 

( 3 ) The method resoited to in the correction of the aiteriovenous 
aneurysm leported m this paper, is desciibed This method is not advocated 
as an oithodox procedure but was dictated by the complications vhich arose 

(4) The methods and indications for the coriection of aiteiiovenous 
fistulae are mentioned 
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The following case of iliofemoral aneurysm is reported because of 
several unusual features which complicated its management 

Case Report — C C H No 145047 The patient, F F, came under observa- 
tion May 26, 1941 He gave the history that 38 years ago he had been shot through 
the inner aspect of his left thigh An “aneurysm,” probably an arteriovenous fistula, 
developed at the site of the wound and was excised Three years later a pulsating mass 
in the left groin spontaneously appeared During the past 35 years this mass had 
slowly increased in size and was becoming painful In addition, he was suffering from 
chronic ulceration of the leg, intermittent claudication, and extreme coldness, numbness, 
and cyanosis of the foot 

Physical Examination — White male, age 60 The left foot was extremely cyanotic, 
cold to the touch and moist On elevating the limb the sole of the foot became pale 
Atrophy and ulceration of the skin of the lower two thirds of the leg were present 
Pulsation was barely palpable in the dorsalis pedis and posterior tibial arteries, and 
oscillometnc examination revealed only a trace of pulsation in the region of the lower 
leg There was a depressed linear scar six inches in length overlying the course of the 
subsartorial canal in the thigh, and no arterial pulsation was palpable in this region 
The common femoral and external iliac arteries had been converted into a large, 
painful, vigorously pulsating, fusiform aneurysmal mass The aneurysm was con- 
stricted by the overlying ilio-mguinal ligament giving it a dumb-bell shape The femoral 
component of the aneurysm measured four inches in its external diameter Serologic 
tests for syphilis were negative 

To evaluate what role vasospasm played m the evident ischemia of the foot and 
leg, skin temperature readings were taken before and after a procaine block of the 
posterior tibial nerve At a room temperature of 26° C , the nerve block was followed 
by a rapid rise in the surface temperature of the fifth toe and adjacent sole, from a 
stabilized level of 25° C to a vasodilation level of 32° C, and the cyanosis of the toes 
was replaced by a healthy pink color (Chart i) 

Because of this obvious vasospasm, it was deemed advisable to precede excision 
of the aneurysm by a lumbar sympathectomy It was felt that permanent relaxation 
of these spastic vessels would expedite the growth of a distal collateral circulation and 
constitute a protection against gangrene of the ischemic foot which, in the absence of a 
superficial femoral artery, might otherwise follow excision of the external iliac and 
common femoral arteries Accordingly, on June ii, 1941, through a muscle-splitting 
extraperitoneal approach, the left lumbar sympathetic trunk was divided at the upper 
margin of the third lumbar vertebra, stripped for a length of four inches, and buried 
m the adjacent psoas muscle ^>2 The following day, the foot and leg were hot, red, 
and dry Figure i shows the external appearance of the femoral portion of the 
aneurysm several weeks following sympathectomy 

At the time of his second admission to the hospital, four months following the 
sympatliectomy, it was noted that the foot and leg were now pink and warm and that 
the ulceration had healed Oscillometnc readings taken at the level of the lower leg 
had increased from a preoperative value of one-half to one and one-half The aneurysm 
had reached alarming size 
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On October 13, 1941, the femoral portion of the aneurjsm was exposed through 
a vertical incision Distally, the aneurysmal sac terminated in a fibrosed, cord-like 
structure which, on further dissection, proved to be the proximal remains of the 
previously resected superficial femoral artery The deep femoral artery, ^^hIch ex- 
hibited strong pulsation, emerged from the posterior aspect of the lower portion of 
the sac On mobilizing the lateral margin of the sac, the femoral nerve was observed 
to be imbedded in the wall of the aneurysm Resection of the sac could not have been 
accomplished without injury to the femoral nerve A length of umbilical tape ^\as 
passed around the sac just above the orifice of the deep femoral artery and tied 



Chmit I — Depicting the rapid rise in the skin temperature following temporarj interruption of 
the flow of sympathetic nervous impulses to the vasospastic foot 


Pulsation m the deep femoral artery promptly disappeared, and there was a distinct 
diminution in the vigor of pulsation within the aneurysm itself Nutrition of the foot 
was maintained 

On October 27, 1941, the iliac portion of the aneurysm was exposed through a supra- 
inguinal extrapentoneal approach, similar to that conventionally employed to expose 
the lower end of the ureter The aneurysm extended up to the origin of the internal iliac 
artery A ligature of umbilical tape was placed just distal to the origin of this artery, 
and the entire aneurysmal portion of the external iliac together with the accom- 
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panying vein were excised down to their disappearance into the thigh (Figure 2 is 
a diagrammatic representation of the operative findings and procedure) Microscopic 
examination of the resected portion of the aneurysm revealed arteriosclerosis to be the 
basic pathology Pulsation within the residual femoral portion of the aneurysm sac 
promptly disappeared By the time of his discharge, the sac had completely thrombosed 
The foot remained pink and warm 

Six months later the foot was 
pink and warm, and in an excellent 
state of nutrition The leg ulcers had 
remained healed There were no symp- 
toms of ischemia other than a mild 
degree of intermittent claudication 
The residual portion of the aneurysm 
had been converted into a fibrosing, 
nonpulsatile mass which had already 
shrunk to about one-quarter of its 
original size 

Commi:nt — It IS the opinion 
of Sir Thomas Lewis,®’ based 
on the work of Thoma,® and 
Nothnagel,® that the development 
of a collateral circulation is a tiue 
hyperthi ophic response to an in- 
crease in the volume rate of blood 
flow through the auxilliary chan- 
nels This inciease in blood flow 
IS, in turn, a physiologic response 
to a diminution in the peripheral 
lesistance to blood flow resulting 
fiom a lelaxation of the ar- 
teriolar-capillary bed within the 
ischemic pait 

Leriche," and his coworkers, 
were able to experimentally dem- 
onstrate in dogs how sympathetic 
oral imptilses inhibit 

I ‘'”= spontaneous development of 
guinai hernia f 3. collateial Circulation following 

resection of the bifurcation of the 

abdominal aorta 

Working vith selected cases of artei losclerotic disease of the lower ex- 
tremities, I® have been able to demonstrate that theie is a slowly progressive 
increase in the magnitude of measurable aiterial pulsation in the region of 
the lovei leg over a period of 6-12 months following lumbar sympathectomy 
For reasons stated in the original communication, these observations can be 
explained only on the basis of a development of a collateral circulation in 
response to the surgically induced relaxation of the peripheral small vessel bed 
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The lepoited case supports this conception that increased s}mpathetic 
vasoconstrictor tone may play an impoitant role in the failure of a collateral 
circulation to spontaneously develop following a major aiterial block Foi 
35 years this patient had suffered from severe ischemia of a foot and leg 
incident to excision of his superficial femoral artery Ordinarily, m the 



Fig 2 — Diagrammatic sketch of operative findings and pro 
cedui e 

CIA Common iliac artery 

I I A Internal iliac artery 

P L Proximal ligature 

E I V External iliac vein, excised along with 

E I A Aneurysmal external iliac arterj 

I I L Ilio inguinal ligament 

C r A Aneurysmal common femoral artery 

D L Distal ligature 

D F A Deep femoral artery 

SF A Obliterated remnant of superficial femoral aiteij 

absence of other peiipheral arterial disease, excision of this arteiy does not 
pioduce such prolonged disability The inadequacy of the collateral circula- 
tion in this instance can be best explained on the inhibiting influence of the 
associated vasospasm To have thiown an added burden on this meager col- 
lateral circulation by primaiily excising and thiombosing the aneurj^smal 
iliofemoral artery would surely have lesulted in gangrene of the foot and leg 
For that reason it is believed that the lumbar sympathectomy was a crucial 
maneuver in the maintenance of an adequate blood supply to the foot and leg 
It IS Intel estmg to speculate on the anatomy of the ultimate collateral 
circulation present in this case The net-iesult of the arterial surgery per- 
foimed on this patient was equivalent to a total ablation of the main arterial 
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supply of a lower extremity Beginning at the origin of the external iliac 
artery, it included the total lengths and all the orifices of their branches of 
the external iliac, the common femoral, and the superficial femoral arteiies 
The collateral circulation to the foot and leg must have its origin then in the 
buttock and posterior aspect of the thigh through anastomses between the 
gluteal branches of the internal iliac artery and the perforating branches of 
the deep femoral artery, and, finally, through communications between the 
latter and the geniculate branches of the popliteal artery 
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A COMPARISON OF THE RESULTS OF ROENTGEN RAYS, 
SULFANILAMIDE AND SERUM THERAPY IN EXPERI- 
MENTAL GAS GANGRENE IN THE PIGEON 

William H Erb, M D , and Philip J Hodes, M D 

Philadelphia, Pa 

FROM THE HARRISON DEPARTMENT OF SURGICAL RESEARCH AND THE DEPARTMENT OF RADIOLOGY 
SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA PA 

The problem of the management of wounds contaminated with the 
Clostndtmn welchtt, and associated organisms, is not as yet settled Nu- 
merous communications by Kelly^ 2, 3, 4 , 5, e, 7 ^ould lead one to believe that 
roentgenotherapy affords a specific with which to treat such lesions In a 
review^ of 222 cases of gas gangrene following trauma collected fiom the 
hteiature between 1930 3 -nd 1936, 41 cases were treated with roentgen rays 
and serum, with a mortality of 19 per cent, 124 were treated with serum 
alone, with a mortality of 17 per cent, and 57 received neither roentgen 
rays or serum, and had a mortality of 31 per cent These data led us 
seriously to question the value of roentgenotherapy The following experi- 
ments on pigeons were undertaken several years ago to determine whether 
roentgen rays would prove beneficial m experimental Cl welchii infection 
At the same time, the opportunity presented itself to determine the effect 
of sulfamlimide on similarly inoculated pigeons 

The strain of Clostridium welchii used m these experiments was isolated 
from a patient admitted to the Philadelphia General Hospital, November 

I937j 30 hours after a gunshot injury of the left forearm, which was 
self-inflicted On admission, the clinical diagnosis of gas gangrene was made 
and later confirmed by bacteriologic study The use of this strain minimized 
the possibility of strain specificity to which one might attribute the results 
obtained from use of serum if a laboratory strain had been used The patient 
recovered following the use of serum and roentgenotherapy, and delayed 
amputation The conscientious surgeon naturally hesitates to withhold 
any agent which may be of benefit to the patient The multiplicity of thera- 
peutic methods which aie frequently employed on patients with gas gangrene 
makes it difficult to obtain satisfactory data as to the specificity of any 
one agent 

Xechnic — A chopped meat proteose-peptone broth, with 5 per cent dex- 
trose, was inoculated from the stock culture and incubated under anaerobic 
conditions for 16 hours A subculture from this was made and incubated 
for five hours Five cubic centimeters of the culture were then taken and 
centrifuged for 20 minutes The supernatant fluid, containing most of the 
toxin, was removed The bacteria were resuspended in 15 cc of normal 
saline and again centrifuged This was repeated once Finally, the bacteria 
were again resuspended in 15 cc of saline, thus having a washed i 3 dilu- 
tion of a five-hour culture In this way virulent organisms were obtained 
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with a minimum amount of toxin present The breast of each pigeon used in 
these experiments was injected with o 5 cc of this bacteiial suspension 
Bull and Pritchett^ had recommended the use of the pigeon, and we 
found It to be an excellent laboratory animal All experiments were earned 
out m groups of 25 pigeons These were subdivided into groups of five, so 
that m each experiment five groups, treated by different methods and in- 
oculated from the same subculture were compared In all experiments one 
group was used as a control The pigeons varied m weight from 7 to 16 
ounces There seemed to be no relation between weight of pigeon and 
chance of recovery The aveiage weight of the ones that died was ii i 
ounces, while in those that lived it was 107 ounces The smallest pigeon, 
weighing seven ounces, lecovered following the use of seium 

RESULTS 

Table I gives the results obtained in each experiment They are con- 
sistent throughout and show only slight variations between groups Table 
II IS simply a summary of Table I 

Control — In the control group of 30 pigeons, 63 per cent weie dead 
within 10 to 12 hours Only two birds survived one week, at which time 
the experiment was terminated It was noted in this group, as in all others, 
that the birds tended to die within 24 hours and if they survived 24 hours, 
permanent survival was a likely possibility 

S'eniin-Ti eated Gionp — The serum used m these expeiiments was un- 
concentrated horse serum and contained 300 units to one cubic centimeter 
In each instance 05 cubic centimeter was injected into the left breast of the 
pigeon This dosage of 150 units would compare roughly by weight to 
40,000 units in a 150-pound man The time of injection of the serum varied 
from 35 to 142 minutes after inoculating the pigeon with oiganisms The 
average time was 83 minutes 

There was some variation m average time elapsing between inoculation 
and injection of the serum in the six expeiiments In Experiment i, the 
average time was 75 minutes , Experiment 2, 72 minutes , Experiment 3, 
38 minutes. Experiment 4, 137 minutes. Experiment 5, no minutes, and 
Experiment 6, 66 minutes Mortality was not increased by dela3nng the 
injection of serum within these time limits 

In the pigeon, serum was by far the best therapeutic agent Only one of 
the 30 pigeons died within 10 to 12 hours, while 19 of 30 in the control group 
died in this time Nineteen pigeons, or 64 per cent of the serum-treated 
pigeons, survived It is possible that a still highei percentage of suivivals 
could have been obtained had the injection of seium been repeated m 24 
hours That this is a specific effect, and not due to a non-specific serum 
reaction, is shown by experiments with normal hoise serum and bovine 
pneumococcic serum With the boAune serum the final mortalit}'^ Avas too 
per cent In Experiment 5, normal horse serum appeared to give some 
protection 
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Stdjantlamtde-Ti eated Gionp — Fifteen pigeons leceived sulfanilamide b^ 
mouth following inoculation The sulfanilamide was mixed ^Mth 5 pei cent 
gum acacia, so that each cubic centimeter of mixtuie contained 100 milli- 
grams of sulfanilamide Each pigeon 111 the group leceived 100 mg im- 
mediately after injection, while in Experiments 2 and 3 another 100 mg 
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were given five hours later Pigeons that survived until the following 
morning received lOo mg of sulfanilamide twice daily until death No 
beneficial efifect was noted from sulfanilamide given in this manner There 
were no permanent survivals There is one definite criticism of this method, 
namely, we have no evidence to offer that the sulfanilamide given these 
birds was absorbed A recent publication by Bieter, Baker, Beaton, Shaffer, 
Seery and Orr^® indicates that sulfanilamide administered to chickens in 
doses similar to those employed by us will afford blood concentrations well 
above lo mg per cent 


Table II 

SUMMARY 
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Pi ophylacHc Roentgenotherapy — Irradiation was given five to six hours 
before the injection of organisms In Experiments i and 2, 75 r were given 
with a one millimeter aluminum filter at 30 cm distance The rays were 
generated at 130 Kv 8 ma The portal was large enough to cover the 
entire pigeon Treatment lasted i 5 minutes In Experiment 3, 160 r 
were given and m Experiment 4, 200 r were given No difference could 
be noted between the reactions of this group and the control group to 
inoculation by the Clostridium welclm In the 20 pigeons thus treated 
there was only one survival at the end of the week, or a mortality of 95 
per cent, m comparison to 93 per cent m the control group 

TheiapeuUc Roentgenotheiapy — The filter and the distance were the 
same as in the prophylactic roentgenotherapy group In Experiment i, 75 r 
were given 50 minutes after inoculation , in Experiment 2, 100 r were given 
40 minutes after inoculation , and in Experiments 3 and 4, 160 r were given 
20 minutes and five hours, respectively, after inoculation The eventual 
mortality m this group was 90 per cent, and no difference could be noted 
between the reactions of this group and the control group to inoculation by 
the Clostiuhum voelclm In the 20 pigeons thus treated there was only one 
survival at the end of the week, or a mortality of 95 per cent, in comparison 
to 93 per cent in the control group 

Roentgenotheiapy and Serum — ^Although roentgen ray alone had no 
effect on the infection m pigeons, it seemed possible that a higher percent- 
age of survivals might be obtained by employing roentgenotherapy in con- 
junction with serum Using the amount of serum previously described, 
plus irradiation, a consistently higher mortality occurred than when serum 
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alone was administered In Experiment 4, 200 r were given 29 hours 
before inoculation and serum was administered two hours after inocula- 
tion In Experiment 5, 200 r were given one hour after inoculation and 
the serum three hours after inoculation In Experiment 6, 200 r wei e given 
45 minutes after inoculation and the serum one hour after inoculation 
The mortality at the end of one week in this group was 53 per cent, while 
when serum alone was used the mortality was but 36 pei cent 

Discussion — Experimental and clinical evidence is somewhat contra- 
dictory on the value of the various therapeutic agents in gas gangrene 
CaldwelPi concluded that roentgenotherapy has no effect upon the progress 
of a fulminating type of gas gangrene, but does bring about some localization 
of the process when given one to two hours after inoculation, and when the 
animals (guinea-pigs) suivive 48 hours or longer He obtained three 
survivals in a group of 10 animals, while the foui controls all died In 
a later article, Caldwell and Cox^^ concluded, from an experimental study 
on some 400 guinea-pigs, that roentgen othei apy is only of slight value 
However, Williams and Hartzell,^^ in two comparative clinical senes of 
12 cases each, had only one fatality m those patients treated with roentgeno- 
therapy, and seven fatalities in those which failed to receive roentgenotherapy 
One must remember that clinical cases of gas gangrene usually have a mixed 
infection, and it is possible that the beneficial effects of iriadiation were 
due to the effect of the roentgen rays on organisms other than the Clostudinm 
welcJm Against this theory are the observations of Angevme,^'^ which 
showed that the effect of roentgenotherapy upon experimental stieptococcic 
and staphylococcic skin infections was to increase the size of the lesions, 
to produce more necrosis and to enhance the invasiveness of the micro- 
organisms 

The definite value of irradiation in gas gangrene has not as yet been 
proven, and statements such as “The use of roentgen ray in treatment of 
gas gangrene approaches the action of a specific, in that it is by far the 
mjost effective measure so far employed,” and “the use of serum is not 
absolutely essential to recovery and its use should be conservative, avoiding 
serum sickness, which only adds to the patient’s difficulty” are haidly 
justifiable m the light of available evidence 

Bliss and Long^^ noted that sulfanilamide had a curative effect in peri- 
tonitis produced in mice by injection of Clostudmm welclm It should be 
pointed out that the infection of the peritoneum is quite different from that 
observed in traumatized muscles Kendrick^^^ was unable to demonstrate 
any marked therapeutic value of neoprontosil, sulfanilamide or sulfapyridine 
m Clostndtiim welclm infections produced experimentally in the muscles of 
guinea-pigs In the treated group, there was a mortality of 89 5 cent, 
while in the control group it was 94 3 per cent 

Reed and Orr^^ found, in experimental work on guinea-pigs, that the ad- 
ministration of sulfanilamide, sulfapyridine, sulfamethylthiazole or sulfathia- 
zole showed increasing effectiveness, in the order named, in controlling infec- 
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tions produced by Clash idium welchn. Clash id iiiin septiqiie, Clash iduim 
saidelln or Clash idtitm novyt The best results were obtained -when the drug 
was introduced directly into the wound However, even in their experiments, it 
was necessaiy to introduce the drug befoie the full development of gas gan- 
giene Gordon and McLeod^® also found experimentally that local adminis- 
tration of sulfanilamide drugs was more useful than the oral However, 
they also found that sulfanilamide drugs were inferior to antisera in the 
prophylaxis of gas gangrene 

Sadusk and Manahan^'^ demonstrated the bacteriostatic action of sulfa- 
nilamide on Clash idnim welclm in vih a Such action was inversely propor- 
tional to the number of oiganisms used in the inoculum No bactericidal 
effect was noted since growth readily took place if organisms, the growth of 
wdnch had been suppressed by sulfanilamide, were transferred to a sulfa- 
nilainide-free medium They attribute Spray’s-® inability to demonstrate 
bacteiiostatic effect of sulfanilamide to the heavy inoculation of Clash idmm 
wclchii used in his experiments 

Chnicall}^ Bohlman-^ reported three cures in patients treated with sulfa- 
nilamide for gas gangrene developing following compound fracture of the 
lower extremity All of Bohlman’s patients, however, received some serum 
Sadusk and Manahan^® also reported two cures in postabortal Clash tdnim 
welclm infections with positive blood cultures This is of some significance 
in view of a mortality of 85 per cent in this type of infection in patients 
receiving no specific therapy and 47 per cent for patients treated with 
specific antiserum 

Caldwell, using the guinea-pig as the experimental animal, produced 
the counterpart of a compound fracture and infected it with a lethal number 
of Clash tdiiim welclm Sulfanilamide crystals implanted in such wounds 
after debridement seldom controlled or prevented the development of gas 
gangrene However, the administration of large doses of sulfanilamide 
by intrapentoneal injection after the wound had been debrided, irrigated and 
left open, prevented the development of gas gangrene in a high percentage 
of instances 

Stephenson and Ross^^ compared the effectiveness of antiserum and 
chemotherapy and concluded from then studies that ‘^Cl welclm — Type-A — 
Sulfanilamide and sulfapyridine protected mice against a small number 
of lethal doses injected intraperitoneally as suspension of vegetative or- 
ganisms in sterile soil suspension Treatment with antitoxic serum was also 
effective in the case of a strain of high toxigenicity, but failed against a 
strain of low toxigenicity though probably of higher invasiveness When 
the infected soil suspensions were injected intramuscularly, considerably 
more organisms were necessary to produce a fatal result and the drugs were 
of value only against a sublethal infection Serum treatment was better 
and saved mice even from lethal doses 

"Cl sephqtie — Sulfanilamide had little influence on infections of mice 
injected intraperitoneally or intramuscularly with suspensions of sporing 
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and nonspormg organisms in calcium chloride solution or sterile soil suspen- 
sion Sulfapyndine ivas bettei , in laige doses it saved 50 pei cent of the 
animals Treatment with a single dose of antitoxic serum uas at least as 
effective as sulfapyndine, but the best lesults were obtained when sulfa- 
pyiidme was combined with seium, laige doses of the diiig being guen 
immediately after infection and seium up to 24 hours latei 

“With two strains of Cl oedemaUens tested so fai it has been shown that 
neithei sulfanilamide nor sulfapyndine has any influence on the couise 
of the infection ” 

In consideiing the value of chemotherapy m clinical cases, attention again 
IS diiected to the fact that gas gangiene is very raiely a monobacteiial infec- 
tion It IS extremely likely that the effect of chemotheiapy in improving the 
lesults in clinical cases may be due to its action on the othei oigamsms 
piesent In this connection, it is worth while citing the quotation fiom the 
Suigeon-Geneiars leport, as quoted by Bohlman^^ “In Base Hospital 
No 15 AEF, 111 73 cases of gas gangrene with death, activity of the gas 
bacilli was self-hmiting and practically confined to the fiist week aftei the 
wound w^as received There was a diop m anaeiobes fiom 38 to seven pei 
cent dm mg the fiist seven days, as the common pyogenes stieptococcus and 
staphylococcus accumulated rapidly m the wound Infections with anaeiobes 
alone showed a high death late but a shoit peiiod of dangei to life A 
streptococcic bacteremia was by fai the most impoitant cause of death, 
especially m patients living beyond the first week, wdneh \vas loughly 
established as a self-lnnitmg peiiod of gangienous piocess and many deaths 
attributed to the anaerobes were m reality deaths due to streptococci in the 
piocess of replacing them” If a numbei of these deaths weie due to the 
stieptococcus, then the value of chemotherapy clinically could not be 
questioned 

SUMMARY 

It IS shown that irradiation has no demonstrable effect on ClosUidnim 
zvelchu infection m the pigeon with the dosage of iriadiation used It is 
shown also that iiiadiation used m conjunction with seium is a detiiment 
rather than a benefit Sulfanilamide as used m these experiments w'as also 
without value Seium alone w^as of value in saving the lives of the niajoiity 
of the pigeons It is suggested that the sulfonamides may be of value in 
conti oiling the secondaiy infection so commonly observed in clinical gas 
gangiene infection 

The authors wish to express their thanks to Sharp and Dohme, who were kind 
enough to suppl}'^ the serum used in this study 
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NOXIXFECTR’E GAXGREXE FOLLOWING FRACTL^ES 
OF THE LOWER LEG 

Charles G Child, EH MD. 

New York. X Y 

FROM THE DEP \RTAIENT SCRGERT VEW TORK HOSPITAL \KD CORNELL CVI\’ERSITY MEDICVL COLLEGE 

NE\\ YORK N 

Gaxgrene aside from that caused by tlie gas bacillus and other virulent 
organisms is rare following fractures of the extremities if one is to judge by 
the meager references to it to be found m the literature Dodd ^ m 1934 
nriting on this phase of traumatic surger}. collected a total of 31 cases appear- 
ing in the world literature between 1850 and 1934 among which were six 
cases of fracture of the low er leg follow ed b}' gangrene Since 1934 eight more 
instances of this complication liaAe been recorded It is the purpose of tins 
report to describe an additional case and to consider briefly certain germane 
problems 

Case Report — New York Hospital Xo 2S6442 Male age 23 \\as admitted to the 
Xew York Hospital within an hour after ha\ing been struck by an automobile. He 
sustained a se\ere crushing injuiw of the left lower leg which resulted in a transverse 
comminuted fracture of the tibia and fibula and chip fractures of the external malleolus 
and 01 the talus There also was an a\-ulsed wound of the soft tissues on the lateral 
aspect of the foot On admission the toes were warm and sensation intact but tlie 
enormous hematoma about the foot and ankle precluded palpation of the oorsahs 
pedis and postenor tibial arteries The popliteal arteiw* was readily palpated and 
its pulsation of good lolume, 

Opcratwv Under the effect of 120 mg of no\ocain crystals injected mtraspmalK 
the wound of the lateral aspect of the foot was aebnded and coiered wnth a thin spht- 
thickness graft Steel pins were thrust through tlie tibia abo\e and below the fractures 
and anatomic reduction secured b} means of a tracbon-aistraction apparatus The en- 
tire extremiW was tlien encased in unpadded plaster splints hghth reinforced wrth 
circular plaster bandages 

Subsequent Course — The patient was returned to the ward and the lower extremities 
eleiated at an angle of 45 ' Slowh during the course of the next three davs his 
temperature rose to 39' C pulse 120, and his toes became deeply cj-anotic Graaually 
cutaneous sensat.on in the toes was lost The encasement was remo%ed and the leg 
placed in a Braun-Boehler splint with traction on the distal pm The proximal 
pm which laj well anterior to the anterior tibiai arteiw', was withdrawn During the 
course of the next two dajs the toes the foot and the ankle became duslcA' and cool 
and loss of cutaneous sensation progressed to the level of the lower calf The calf 
Itself was swollen tense, and tlie skin shiny ThiS state persisted practically unchanged 
for the ne.xt 25 dajs, though the patient’s Mtal signs returned to normal follow mg 
the remoial of the encasement. On the twentj'-seventh day after admission a diag- 
nosis of a large abscess of the muscles of the calf was made. On the basis of this 
diagnosis a long incision through the skin of the lateral aspect of the lower leg dis- 
closed gangrenous but not infected bundles of muscles These were smola'-white in 
appearance edematous and gelatinous All of the muscles supplied by tlie anterior 
tibial arterv nameh the peronaeous longus and brews extensor digitorum longus ex- 
tensor hallucis longus and tibiahs antenor were included in this process Slowly 
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these gangrenous muscles separated from surrounding viable structures, the wound 
became lined with granulation-tissue, and was epithelized by grafts The tibia united 
firmly, and the patient was discharged six months after admission, able to walk with 
the aid of a brace On discharge the anesthesia of the foot was still present 

The patient has been followed closely since discharge from the hospital, and, 
one year later, he is actively engaged as an iron worker, though still dependent 
upon his brace 

The interest in this patient lies not in the fracture but in the complication 
of noninfective gangrene of an isolated group of muscles On subjecting this 
case to careful analysis, two features seem to be of paramount significance 
( I ) That the nerve supply of the lower leg and foot, which was intact on admis- 







Fig I — Anteroposterior and lateral roent Fic 2 — Anteroposterior and lateral roent 

genograms of the tibia and fibula taken on genograms of the tibia and fibula taken 12 months 
admission after injury 


sion, failed slowly over the couise of the next two or three days, and (2) that 
the blood supply of the foot, which also was normal on admission, early showed 
signs of embarrassment followed, however, by ultimate survival of the foot 
With these facts in mind, it is possible to reconstruct the course of events that 
led to this untoward complication As a result of the severe crushing nature 
of the injury the anterior tibial artery probably was torn sufficiently to damage 
its intima and a thrombus slowly began to form at the site of the injury Dur- 
ing the course of the next few days the thrombus became so large that it 
occluded the lumen of this vessel Directly dependent upon the progressive 
nature of this lesion are the phenomena noted clinically, namely, the intact 
nerve and blood supply on admission, their slow failure over the course of 
a few days as the integrity of the blood supply became compromised, and 
finally gangrene and complete loss of sensation The ultimate viability of the 
foot in all probability may be ascribed to the iich collateral circulation about 
the ankle joint, and in the foot between the distal branches of the anterior and 

722 



^olume IIG 
Number 5 


GANGRENE FOLLOWING FRACTURES 


posteiioi tibial arteiies, namely, the peroneal, the dorsalis pedis and the fihular 
and tihial plantar aiteries Obviously, however, though this was abundant, 
it was inadequate to supply in retiograde fashion the domain of the proximal 
poition of the anterior tibial 

In an effoit to establish fuither the validity of these assumptions, all of 
the lepoited cases of this complication, appearing in the literature from 1850 
to the piesent time, have been ciitically reviewed (Table I) Analysis of these 
cases reveals the following inteiesting facts 

Age Incidence — The average age foi this group of 15 cases is 26 years 
Because such a laige majorit}^ of these patients fall into a lelatively young age- 
group, degenerative diseases of the aiteiial wall can laigely be discounted as a 
factoi predisposing their vessels to injuiy and subsequent occlusion 



Fig 3 — Unretouched photograph of the leg taken while in traction, showing the extent of the 
incision necessarj to evacuate the gangrenous tissues 


Degiee of Injniy — If the group be divided on the basis of seventy of their 
injury, there aie six which may be considered severe, seven modeiate, and 
two mild Thus, though it is apparent that gangrene as a complication is more 
frequently associated with the seveier types of injury, the two which aie clas- 
sified as mild justify the conclusion that this is not invariably the case Con- 
versely, it IS a matter of common suigical expeiience to see severe injuries of 
the lower leg unassociated with this complication 

Site and Extent of Fiactwe — In the majority of the cases the fractures 
were extensive and involved both bones of the lower leg There are, howevei , 
two notable exceptions, namely, the one in which the skeletal injury was merely 
a separation of the superior tibial epiphysis and the one in which only the 
fibula was broken The sites of fractuie were about evenly distributed between 
the upper, middle and lower thirds , some were compound, some were oblique, 
some transverse, and many were comminuted It seems likely, therefore, that 
no particular site or type of fracture predisposes especially to this complication 
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Extent of the Gangiene — In nine cases this involved the lower leg and 
foot, in five, the foot alone, and in the pi esent case only the latei al muscles of 
the calf 

Aifeiy Occkided — In view of the tact that all but two cases terminated 
111 amputation, an unusual oppoitumty was afforded to determine accurately 
fiom the specimens wheie the occlusive process was located In four, this was 
the popliteal, m eight, both the anteiior and posteiior tibial arteries were 
involved , m one, the postei loi tibial alone, and m one, the anterior tibial alone 
In this last case amputation was not perfoimed but the gangrenous process 



Fig 4 — A and B Unretouched photographs of the leg ii months after injury 


corresponded so accurately to the areas receiving their blood supply from the 
anterior tibial artery that it has been assumed that it was the circulation of this 
artery which was compromised There is, of course, a veiy definite relation- 
ship between the artery damaged and the extent of the gangrene The reasons 
for vascular damage in these mjuiies are discussed below 

Method of Treatment of the Fractwe — This problem was reviewed with 
great interest, for during the hospitalization of the patient the opinion was 
voiced that the encasement might have been the cause of the complication 
Although It IS impossible to refute this indictment of the encasement, it w^as 
found out that of the 13 cases in which data were available, six had been 
treated with traction, five with encasements, and two, wnthout either of these 
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aids to fixation It seems justified, therefore, to postulate that the complica- 
tion, m all probability, was not related to the method employed for immo- 


bilization 

Results — In all but two cases amputation became imperative , five through 


the thigh and eight through the lower leg The two exceptions are one case 
which refused amputation, and was left with a useless leg, and the present case 
left with a foot functioning only partially even when supplemented by a brace 


There were no deaths in this series of cases 



Discussion — In considering 
the cases of gangrene following 
fractures of the lower leg from 
the point of view of the etiology 
of the complication, the most im- 
portant single factor seems to be 
the damage sustained by the 
blood vessels of this portion of 
the lower extremity Dodd, in 
his survey of the subject, calls 
attention to the fact that the bi- 
furcation of the popliteal artery 
IS particularly vulneiable because 
of its anatomic lelationships He 
states “This is anchored by the 
fibrous arch of the soleus, by the 
passage of the anterior tibial 


Tig s — Photographic section through the upper 
third of the right leg at the level of the bifurcation of 
the popliteal artery, this is at the origin of the an 
tenor tibial arterj , as it arises from the termination 
of the popliteal artery and runs horizontally forward 
to the anterior compartment of the leg in close proa, 
imit) to the fibula 

(Dodd, Harold Brit Jour Surg , 22 246, 1934 35) 
{Couitcsy Bnttsh Journal of Surgery) 


artery over the interosseous mem- 
brane, by Its proximity to the 
fibula and by the oiigins of small 
anastomotic branches to the knee 
joint 


Key— 

A Tibialis anticus 
B Extensor digitorum longus 
C Peroneus longus 
D Fibula 

E External popliteal nerve 
F Soleus (fibular head) 

G Gastrocnemius 
H Anterior tibial artery 

K Termination of the popliteal artery and the be 
ginning of the posterior tibial artery 
L Internal popliteal nerve 
M Internal popliteal vein 
N Soleus (tibial head) 

O Gastrocnemius 

P Flexor longus digitorum, with tibialis posticus 

anterolaterallj 

Q Tibia 


For the cross-section through 
the termination of the popliteal 
artery I am indebted to Professor 
Harris, of University College 
Hospital He very kindly sec- 
tioned a leg, which was photo- 
graphed , such a diagram is, I 
think, unobtainable from the text- 
books He pointed out the com- 
paratively intimate association of 


the bifurcation with the neck of the fibula He showed me radiograms 
demonstiating on the inside of the neck of the fibula a slight groove which 
IS made by the anterior tibial artery as it passes fiom behind to the front 


compaitment of the leg This emphasizes the vulnei ability of the artery to 
injuiy in fractures of this legion of the fibula ” 
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In other woids, the origins of the anterioi and posterioi tibial arteiies aie 
so rigid]}^ fixed by the siniounding stiuctuies that they are subject to injuiy 
not only by diiect violence, but also by force tiansmitted to their bifurcation 
from other parts of the leg For instance, in Case 3, a fracture of the fibula 
alone was sufficient so severely to damage both of these vessels that gangrene 
of the foot occuried Fuithei, Dodd insists, with real justification, that not 
only will complete division, penetiation or paitial ruptuie of the arteiy be 
sufficient to effect occlusion, but also that contusion or lupture of the intima 
alone will result m occlusion of the vessel with thrombus forming at the site 
of such intimal damage He also points out that segmental spasm due to 
injury may lead to gangiene if allowed to peisist for any great length of time 
The present case, as well as otheis lecoided, tend to support the claim that 
any fiacture of the lowei leg may be associated with damage to the arteries of 
sufficient severity to impaii the circulation to such a degree that the compli- 
cation of nonmfective gangiene occurs 

Ti eatment — Gangrene, once it has occuired, is amenable to only one thera- 
peutic procedui e, namely, amputation The logical approach to this complica- 
tion, therefore, is the eai ly 1 ecogmtioii of threatened gangrene and the prompt 
adoption of methods of ti eatment which might reasonably be expected to pre- 
vent its development If in every case of fiacture of the bones of the lower 
leg the possibility of gangrene were borne in mind, this complication might per- 
haps be averted A diagnosis of impending gangrene will not likely be made 
if It IS not consideied as a possibility Pai ticularly should fractures of the lower 
leg be watched for evidence of failing arteiial pulsation, progressive loss of 
sensation, coldness, increasing cyanosis and pain Should any one or any 
combination of the signs or symptoms appear, a piogiessive thrombotic pro- 
cess must be suspected Adequate heparinization of the patient should be 
strongly considered as a method of preventing further thrombosis A wide 
incision should be made m the neighborhood of a large hematoma to lelieve 
pressure and to explore for an injured vessel If possible, such a vessel should 
be repaired by end-to-end suture and even perhaps by a free venous graft 
Some form of sympathetic block must be instituted A plea is made for the 
principle of '‘look and see” lather than “wait and see ” Since most of the cases 
presented an interval of time of fiom one to sixteen days befoie gangrene 
occuried, some warning of the imminence of the complication is given In 
the piesent case the gangieiious piocess probably did not stait until about the 
third day If the seiious nature of the complication had been anticipated, it is 
possible that it might have been avoided by the institution of one or more of 
the measuies outlined above 


SUMMARY 

All reported cases of noninfective gangrene following fractures of the lower 
leg have been reviewed and tabulated 

An additional case has been recorded m detail 

The anatomic relationships of the division of the popliteal artery into the 
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anterior and posterior tibial arteries have been found to be the predisposing 
factors in this complication 

Methods of diagnosis and treatment of impending gangrene have been 
suggested, in order to prevent this process from reaching an irreversible 
end-pomt 
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RECURRENT ULCERATION FOLLOWING SUBTOTAL 
GASTRECTOMY IN THE TREATMENT OF 
GASTRODUODENAL ULCERS 

Sigmund Mage, M D 
New York, N Y 

FROM THE SURGICAL SERVICE OF MOUNT SINAI HOSPITAL, NEW 10RK, N Y 

Although subtotal gastrectomy has been employed m the treatment of 
gastroduodenal ulcer for more than two decades, it has not been possible, as 
yet, to discuss its asserted effects upon an adequate factual basis The use- 
fulness of the operation has been ascribed to its efficacy in preventing the 
faults of more conservative measures, particularly those of gastro-enterostomy 
Specifically, the pioponents of subtotal gastrectomy have claimed that its 
radical appioach not only minimizes the incidence, but also averts the seiious 
complications of subsequent ulceration Up until now, attention has been 
pimcipally focused upon the first of these contentions Despite ceaseless 
debate and discussion, no agreement exists concerning the frequency of re- 
newed ulceiation following other operations Moreover, as patients have been 
observed to develop recurrent symptoms after remaining well for periods as 
long as 30 years, it has become increasingly evident that any contention as 
regards a therapy’s efficacy to prevent reactivations of the disease can carry 
little weight, unless it is supported by the results obseived 111 the following 
of cases over extended periods of time Unfortunately, no method has as 
yet been devised for determining how long patients must be observed to 
permit conclusive inferences on that score Time and experience have proved 
that the commonly employed standard of a five-year follow-up is insufficient, 
at least for evaluating the results of any therapy for duodenal ulcer, and there 
IS much doubt concerning the validity of conclusions based upon ten-year 
studies Up to date, there have been few reports, if any, with the employ- 
ment of subtotal gastrectomy which fulfill these questionable ciiteria Its 
complicating incidence of recurient ulceration, therefore, awaits the results 
of further experience and the development of a satisfactory method for ap- 
praising them 

The second claim made for subtotal gastrectomy relates to its efficacy in 
averting the serious complications of peptic ulcer Although this contention 
lends itself to more definitive discussion, it has received relatively little critical 
consideration This has been due, m part, to the limited opportunity to study 
the operation’s late effects In view of these facts, it was thought that it 
might be of value to report and discuss the clinical features of the cases that 
are known to have developed symptoms and evidence of recurrent ulceration 


* Read before the New York Surgical Society, January 28, 1942 
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after the employment of subtotal gastiectomy for duodenal and gastnc ulcer 
m the Gastnc Chmc of Mount Smai Hospital, New York, N Y These cases, 
which have been detected m following a significant number of patients for 
varying lengths of time during the past 17 years, contribute a factual per- 
spective to an aspect of the operation, which, thus fai , has been so speculative 
In recent years the status of some of the pioblems requiring considera- 
tion in discussing the data of this lepoit has changed so materially that it 
IS necessary, for purposes of clarity, to indicate the particular point of view 
that IS held concerning them In the first place, there has been much confusion 
as to what is meant by subtotal gastrectomy While different interpretations 
have been given to the role which certain factors play in contributing to its 
success, e g , extent of resection, method of restoring continuity, removal of 
lesion, etc , it is well agreed that the basic prerequisites of the operation are 
the removal of the pylorus, a radical resection of all antral tissue, and the ex- 
cision of the ulcer Since operations involving limited resections, e g pylorec- 
tomy or the prepyloric exclusion, which retains the pylorus itself, do not fulfill 
these prerequisites, cases of those categories were not included 111 this report 
Likewise, operations that employ entero-anastomoses were onutted, since that 
procedure tends to divert the alkaline intestinal contents and thereby to defeat 
a major objective of subtotal gastrectomy — the influencing of the gastnc acid- 
ity The required extent of resection is not easy to define This clinic has 
employed a technic, originally devised by A A Berg,^ in which the proximal 
level of resection reaches well above the reentrant angle of the stomach, 
gastro-intestinal continuity being restoied by a partial terminal-lateial anas- 
tomosis (Hofmeister method) Until three years ago the retrocohc anas- 
tomosis was preferred, so that the results in this report relate particularly 
to that method 

The employment of subtotal gastrectomy has been so closely linked with 
the problem of gastrojejunal ulceration, that the principal interest in any re- 
port of its results centers about that question A consideration of its sig- 
nificance IS particulaily pertinent to the purposes of this discussion Gastro- 
jejunal ulceration is generally regarded to be an induced condition, which 
results from the anastomosing of the jejunum to the stomach While primaiy 
ulcers of the jejunum have been reported, they are so rare that, for all in- 
tent and purposes, they may be considered nonexistent Vaiious theoiies 
have been suggested for the causation of anastomotic ulcer, but none have 
pi oven adequate, since it has been found to occur after every suggested technic 
and despite every precaution While it may follow any operation which joins 
the stomach to the jejunum, it is obseived almost exclusively in ulcei disease, 
and only in the presence of free hydrochloric acid This communication 
agrees with the current opinion which consideis gastiojejunal ulcer to be 
caused by the factors essentially lesponsible for ulcer disease itself, and that 
it IS, therefore, a recurrent peptic ulcei ation As such, its effects are no 
different from those seen with an ulcer of the stomach or duodenum, eg , 
pain, hemorrhage, perforation, obstruction, etc It is because of anatomic 
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factors that the complications lesiilting from the activity of anastomotic ul- 
ceration tend to be more seiious and more difficult to treat 

Inasmuch as this report represents the experience of a particular clinic, 
certain factois relevant to it must be appreciated In the first place, it relates 
to patients who had been opeiated upon between 1923 and January i, 1940 
on the Gastric Waid Service of Mount Smai Hospital, New York, N Y 
The results reflect the experience of an entire staff of trained gastric surgeons 
rather than any one individual surgeon The patients were preponderantly 
Jewish, and were chiefly factory workeis and tradesmen There were rela- 
tively few artisans and clerical workers, and practically no agricultural work- 
ers The indications for operation were, as a rule, failure to respond to 
adequate medical treatment, e g , intractable pain, unrelieved obstruction, and 
repeated hemorrhage The cases, comprising this study weie observed in the 
regular Follow-up Clinic, which is conducted bimonthly before a group of 
surgeons, gastro-enterologists, and house staff All observations are made 
through personal interviews, and are the result of a combined rather than 
an individual opinion 

The symptomatology, pathology and diagnostic features of recurrent ul- 
ceration, which in our opinion includes gastrojejunal ulcer, have been fully 
described in numeious reports and need no special consideration The term 
“ulcer” and “ulceration” are used interchangeably as descriptive of the “peptic 
ulcer” in the pathologic sense It is frequently difficult and often impossible, 
clinically, to determine the exact cause of complaints after gastric operations 
Although roentgenologic investigation reveals accurate confirmatory evidence 
of recurrent ulceration m a high percentage of examinations, there are in- 
stances in which the findings are negative These cases cannot be differen- 
tiated with certainty from those with “gastritis” or “erosions,” which give 
rise to epigastric pain and bleeding This study, therefore, has been limited 
to those patients with complaints after subtotal gastrectomy, who had mani- 
fested unequivocal or convincing presumptive evidence of recurrent ulcera- 
tion This evidence will be discussed presently 

While, surgically, a recurrence of the disease is the most important cause 
of failure after radical resection, it must be remembered there are other 
factors which may contribute to an unsatisfactory result For example, about 
10 per cent of the patients manifested a tram of symptoms, which seemed to 
be caused by some disturbance in physiology, lesulting from the opeiation 
Itself rather than any activity of ulcer disease Some had symptoms of a 
vagotonic type, e g , sweating, nausea, palpitation, weakness , others com- 
plained of failure to gain weight, and a small number suffered from periodic 
diarrhea While these symptoms weie disturbing, for the most part, they 
weie not incapacitating There was another gioup of ten patients with so- 
called dyspeptic complaints, e g , heart bui n, sour ei uctations, who contended 
they were not improved by the opeiation Repeated examinations have failed 
to reveal any organic cause for their complaints, and they, unquestionably, 
represent a neurotic group, such as is encountered 111 every field of surgery 
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Table I 

SUBTOTAL GASTRECTOMIES (I923-I940) 


Type of Case 

Operative 

Survivors 

Recurrences 

Operation 

Basis for Diagnosis 

Gastroscope 

X-ray 

Gross 

Bleeding 

I Duodenal Ulcer 
(a) Pnmary* 

366 

27 

6 

16 

s 

(b) Secondaryt 

136 

13 

7 

4 

2 


— 

— 

— 

— 



(c) Total 

S02 

40 

13 

20 

7 

II Gastnc Ulcer 

98 

I 

0 

I 

0 


* Primary case — no previous gastric operation 

t Secondary case — one or more previous gastnc operations 

A summary of the data, upon which this study is based, is given in Table 
I It will be noted that 41 cases are classified as recurrent ulcerations The 
diagnosis was definitively established b)'- operation* or by autopsy m 13 cases 
In 21 of the remaining 28 the diagnosis was confirmed roentgenologically or 
gastroscopically There were seven patients who returned with severe, pain- 
less, gross hemorrhage (melena or hematemesis) at intervals varying from a 
few months to several years after operation Although the roentgenologic 
examinations in these cases were negative, it is not unlikely that recurrent 
ulcerations were responsible for their bleeding There are well-founded 
reasons for such an assumption In the first place, we know from our ex- 
periences with the employment of subtotal gastrectomy in cases of “painless 
bleeding” following gastro-enterostomy, that the resected specimens frequently 
reveal healed or superficially healing gastrojejunal ulcerations ^ In the major- 
ity of these instances, the roentgenologic examinations are negative, but it must 
be borne in mind that investigative examinations and surgery are usually carried 
out after cessation of the bleeding and after prolonged medical treatment It 
IS not usual to observe similar roentgenologic and pathologic findings in cases 
of primary duodenal ulcer associated with otherwise symptomless bleeding 
after comparable preoperative treatment Moreover, there have been several 
patients in this clinic in whom operation had been limited merely to ex- 
ploration because of the paucity of findings At subsequent celiotomy, be- 
cause of recurrent symptoms, large active duodenal ulcers were found There 
IS no doubt, therefore, that a peptic ulcer may give rise to painless hemor- 
rhage, and that negative roentgenologic findings do not controvert that diag- 
nosis This presumptive evidence of recurrent ulcer must be weighed against 
the possibility of erosions and postoperative gastritis as causes for painless 
bleeding This aspect of that problem has been fully considered by Mosch- 
cowitz, Mage and Kugel ^ There is a well-recognized school which regards 
erosions and gastritis to be manifestations of ulcer disease, particularly when 

* Operative findings indicating active or healed ulcers were regarded to be adequate 
evidence of such lesions In two instances penetrating jejunal ulcers were encountered, 
but not removed, so that specimens were not available for examination In nine cases 
specimens were available Seven disclosed ulcers No evidenced ulceration was found 
in two, in which the surgical findings were considered to be those of healed lesions 
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they occui m individuals who are known to have had peptic ulcer In a sense, 
it seems to be an academic question, whether a severe hemorrhage, occurring 
months or years after subtotal gastiectomy, arises from an ulcer or an eio- 
sion In the final analysis, the operation did not protect the patient against 
a serious complication of ulcer activity 

There were foui patients who returned with recuri ent symptoms at inter- 
vals of SIX months, two, six and seven years after their operations Their 
roentgenologic examinations disclosed small, tender pockets, which appeared 
to be 111 the stomach proper, near the stoma, and m the region of the lessei 
curvatuie One of these cases was the only recurrence detected after sub- 
total gastrectomy for gastiic ulcer, in this clinic during the past 17 years 
The patient was a male, age 58, who was subjected to opeiation aftei one 
year of seveie postpiandial pain The resected specimen revealed a small 
lesser curvature ulcer and a severe chronic gastritis Within six months 
there was a return of epigastiic pain and vomiting Roentgenogiams re- 
vealed a small, irregular penetiation, suggesting a lesion in the postopei ative 
stomach This patient was lost to observation after 18 months, but during 
that time he had several recrudescences of pain and vomiting The othei 
three cases represent the development of gastric ulcers after the employment 
of subtotal gastrectomy for the treatment of duodenal ulcer A newly formed 
ulcer of the lesser curvature of the stomach is not an infrequent cause foi 
failure after the performance of a gastro-enterostomy for an ulcer of the 
duodenum In the remaining 37 cases in this group, the diagnosis of a gastro- 
jejunal ulcer was established, definitively, by operation, roentgenologic and 
gastroscopic examination in 30 patients, and, presumptively, by the occurience 
of “gross hemorrhage” in seven In view of the sohtaiy recurrence after 
gastric ulcer, this study resolves itself into a discussion of 40 failures following 
the employment of subtotal gastrectomy for primary and secondary duodenal 
ulceration 

There were 44 female patients who survived a subtotal gastrectomy for 
primary or secondary duodenal ulcer, of these, two are known to have de- 
veloped gastrojejunal ulcers One case was of particular interest, 111 that she 
developed her first symptoms at the age of 60 After eight months of inef- 
fectual medical therapy, she was subjected to a radical resection, for a pene- 
trating ulcer of the duodenum Within three months there were severe 
recurrent symptoms which remained intractable to conseivative measures, 
and necessitated reoperation within a year At exploration, a large perforat- 
ing jejunal ulcer was found The second case was a young woman, age 19, 
who had experienced ulcer symptoms, including hemorrhage, for three years 
Four years following her subtotal gastrectomy she returned with an alarming 
gross hemorrhage, which had reduced her hemoglobin to 25 per cent It is 
asserted that gastrojejunal ulcer rarely occui s in the female, and when it 
does, it appears late in life It is interesting that one of these patients was 
among the most severe, and the other was among the youngest in this whole 
group of failures 
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Table II 

TIME or ONSET OF POSTOPERATIVE RECURRENCE 



Primary and Secondary Duodenal Ulcer 


Gastric Ulcer 



Surviving 

Followed 

Recur- 

Surviving 

Followed 

Recur- 

Years Postop 

Cases 

Cases 

rences 

Cases 

Cases 

rences 

I yr 

S02 

453 

IS 

98 

9 S 

1 

2 yrs 

46s 

38s 

9 

95 

82 

— 

3 yrs 

421 

330 

6 

87 

69 

. — 

4 yrs 

411 

280 

4 

79 

S6 

— 

S yrs 

397 

250 

0 

76 

S2 

— 

6 yrs 

382 

218 

I 

72 

4 S 

— 

7 yrs 

364 

211 

2 

64 

39 

— 

8 yrs 

339 

179 

0 

58 

34 

— 

9 yrs 

31S 

IS2 

0 

54 

34 


10 yrs 

274 

128 

2 

54 

31 

— 

II yrs 

249 

1 13 

0 

49 

26 

— 

12 yrs 

220 

97 

I 

40 

17 

— 

13 yrs 

174 

7 S 

0 

29 

II 

— 

14 yrs 

137 

S 3 

0 

20 

7 

— 

IS yrs 

86 

33 

0 

IS 

6 

— 

16 yrs 

S8 

21 

0 

4 

2 

— 

17 yrs 

17 

8 

0 





Time of Onset of Recta tent Symptoms — Table II indicates the number 
of surviving cases that potentially might have been followed for each of the 
17 years of observation, the number of patients that actually was followed, 
and the postoperative year m which the various recurrences were detected 
It will be noted that the renewed ulcerations occurred at intervals varying 
from less than a year to 12 years after operation The fact that six of the 
40 failures developed after the fifth postoperative year, serves to emphasize 
the inaaequacy of a “five-year” follow-up for appraising results following the 
employment of subtotal gastrectomy for duodenal ulcer These late recur- 
rences, moreover, were observed during the period when an increasing per- 
centage of patients became lost to follow-up observation The meaningless- 
ness of publishing “three- or five-year ‘cures’ for gastro-enterostomy” was 
strikingly demonstrated by St John, et al in their recent study of results 
of treatment for peptic ulcer The above observations are of particular sig- 
nificance since they not only illustrate the uncertainty of cure, but they also 
emphasize the absolute need for following patients indefinitely, in order to 
evaluate properly the efficacy of any ulcer therapy 

Symptoms — The symptomatology in this group of recurrences was not 
essentially different from that observed with primary peptic ulcer, except for 
their greater severity and intractability In 23 cases, pain was the only 
symptom, m six instances the pain was associated with bleeding, and in 12 
patients there was gross hemorrhage (melena or hemetemesis) with little or 
no pain The clinical courses of these patients have been variable The 
symptoms became severe enough to necessitate reoperation in 12 patients, 
ten in this institution and two elsewhere All these operated cases were found 
to have gastrojejunal ulcerations In two instances, the cicatrizing effects of 
the lesion had caused low-grade partial obstruction, in two other cases, the 
edema and swelling resulting from active penetration into the adjacent mesen- 
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teiy of the small intestine had produced more acute obstructive symptoms 
In one instance, there was a fiee peif oration of a jejunal ulcer, which neces- 
sitated an immediate opeiation Another patient (unopeiated) died from the 
effects of a gastiojejunocolic fistula, which was confirmed by autopsy Theie 
aie thiee patients under obseivation at present, who have been readmitted to 
the hospital three, five, and nine times, lespectively, during the past six years, 
because of the seventy of their complaints Except for the patients with 
painless bleeding, who have lesponded satisfactorily to conservative tieatment, 
the remaining cases have been controlled only with fair success by similar 
measui es 

Hemonhage — Gross bleeding (melena or hematemesis) was a prominent 
and seiious occuirence m i8 of this gioup of 41 recuirent ulcerations The 
full details of these cases and their implications have been discussed in a 
pievious communication by Colp and the author^ These hemorrhages oc- 
cuired at mteivals of a few months to 12 yeais aftei operation, and vaiied 
fioin a model ate to a seveie degiee Ten of these patients bled pi 101 to then 
subtotal gastrectomies , six had repeated episodes Five of these six patients 
with multiple hemoiihages also bled several times aftei operation Theie weie 
SIX cases m which the bleeding was associated with pain , all wei e found to 
have jejunal ulcerations, two by operation, and four by roentgenogiaphic 
evidence There were 12 cases 111 which bleeding was the only symptom 
All these patients responded to medical therapy Roentgenologic examina- 
tions, made after bleeding had stopped, weie negative m seven instances, m 
thiee, jejunal ulceis weie leported, and in two, lessei curvature defects weie 
noted 

These obseivations are somewhat at variance with the general impression 
which exists concerning the paiticular efficacy of subtotal gastrectomy m the 
problem of bleeding The fact that a majoiity of patients who bled aftei 
operation also bled piior to it, may suggest the possibility of a bleeding 
diathesis However, it seems far more likely, from the character and history 
of the clinical material, that the hemorrhages were merely the results of 
recurring ulcerations or “erosions ” While subtotal gastrectomy may not 
provide a certain assuiance against subsequent bleeding, it finds its particular 
field of usefulness in the pioblem of the actively bleeding ulcer, because its 
radical appioach entails a direct attack on the lesion As a consequence, it is 
far more likely to succeed than is the indirect approach of gastro-enterostomy 
However, once the bleeding of a duodenal ulcer is arrested, whether it be 
by the conservative 01 the radical operation, a subsequent hemorrhage at a 
late interval is, as a rule, caused by a gastrojejunal ulceration and not by the 
original lesion It is well to remember that this holds true for a gastro- 
entei ostomy performed for duodenal ulcei in its nonbleeding stage 

In reviewing this series of 41 lecurrences aftei subtotal gastrectomy, cer- 
tain facts stand out clearly In the first place, there is the striking difference 
m response of gastiic and duodenal ulcer to the same operation The reason 
foi this difference remains unsolved, and its answer may contribute much 
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to a better undei standing of the ulcer problem The second significant obser- 
vation pertains to the question of the relationship between gastric acidity and 
recurrent ulceration Up to date, this clinic has not observed a recurrent 
ulcer in the absence of free hydrochloric acid Acidity studies® have revealed 
that subtotal gastrectomy creates an achlorhydria m at least 90 per cent of 
patients with gastric ulcer, and it produces an apparent achlorhydria in about 
50 per cent of patients with duodenal ulcer It is in this group with un- 
neutralized free hydrochloric acid, that renewed ulceration is encountered It 
IS to be noted that the observations relating to acidity and those pertaining 
to recurrent ulceration after radical lesection for duodenal and gastric ulcei 
are closely con elated These facts not only emphasize that the effect of 
radical resection to a large extent is due to a modification of the acid factor 
in gastric digestion, but they also lend much weight to the concept which 
postulates that an achlorhydria is the best assurance against subsequent 
ulceration 

Most proponents of subtotal gastrectomy regard the creation of an in- 
nocuous achlorhydria to be one of the principal objectives of the operation 
Some have contended that if such an effect is not obtained, or if recurrent 
ulceration develops, it is presumptive evidence of the inadequacy of the extent 
of resection Such a doubt naturally arises with every unsuccessful case 
However, it must be remembered that as long as any stomach tissue con- 
taining parietal cells remains, free hydrochloric acid may be secreted Ex- 
perience has shown this to be so There are certain cases, of which there 
were two in this series, that continue to have free hydrochloric acid in their 
gastric contents, m spite of repeated resections which leaves but a minimum 
of stomach Some of these patients, presumably, possess an ulcer diathesis 
that IS so severe that ulceration recurs, despite every effort to prevent it 
While radical resection is essential, it is not the deciding factor which de- 
termines either a gastric achlorhydiia or the prevention of renewed ulcera- 
tion The difference in response of gastric and duodenal ulcer to the same 
extent of resection is evidence of that fact 

Recently, certain observers have stressed the removal of the ulcer as a 
"sine qua non’’ foi insuring the success of subtotal gastrectomy It is inter- 
esting to note that 30 of the 41 resected specimens contained the ulcer, so 
that in this particular experience the excision of the lesion did not safeguard 
patients against subsequent failure 

It IS evident from the manifestations of this group of recurrent ulcerations, 
e g , uncertainty of occurrence, intractability of pain, perforation, repeated 
hemorrhage, and gastrojejunocolic fistula, that a patient who is subjected to 
subtotal gastrectomy is not rendered immune to the serious complications 
which are noted after other gastric operations While the likelihood of such 
occurrences appears to be negligible after its employment for a lesser curvature 
ulcer of the stomach, it is not insignificant in the case of djiodenal ulcer This 
failure of subtotal gastrectomy to fulfill completely its anticipated effects in 
the surgical treatment of duodenal ulcer, does not, itself, negate contentions 
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as regards its relative merits This clinic regards radical resection to be the 
best available operation for duodenal ulcer, but it is the present impression 
that it leaves much to be desired At the outset of this report, we indicated 
the impossibility of drawing logical statistical conclusions concerning the in- 
cidence of recurrence under pi evading conditions To do so is only to create 
new fallacies and to perpetuate old ones In our opinioiA the statistical con- 
fusion which exists conceimng the effects of various treatments for peptic 
ulcer cannot be settled until some generally accepted logical method is devised 
for studying results in a uniform way, and with a particular provision for 
the manifold variables which make for unwarranted actual and comparative 
inferences It will be noted that, m Table III, the minimal known percentage- 
incidence of recurrence is lecorded It was determined by competing, the 
known number of recuriences against the total number of surviving patients, 
and merely means that, in the experience of this particular clinic with the 
employment of subtotal gastrectomy, the percentage-incidence of recuiient 
ulceration cannot be less, but may be more than the indicated figures These 
results do not permit any valid comparative inferences To utilize them foi 
such purposes would be misleading 

Table III 

MINIMAL INCIDENCE OF RECURRENCE 


Type of Case 

Operative 

Survivors 

Recurrences 
(Operation -f X-Ray) 

Recurrences -J- 
Gross Bleedings 

Duodenal Ulcer 
(a) Pnmary Cases 

366 

22 (6%) 

27 (7 4 %) 

(b) Secondary 

136 

:i (8%) 

13 (9 6%) 

(c) Total 

S 02 

33 (6 6%) 

40 (8%) 

Gastnc Ulcer 

98 

I ( 1 %) 

I (1%) 


SUMMARY 

In this communication certain observations have been presented which 
tend to shed a significant factual light upon the effects of subtotal gastrectomy 
in the treatment of duodenal and gastric ulcer There has been no intention 
to support or refute any contentious point of view, but an attempt has been 
made to draw attention to certain facts, which may contribute to a better 
understanding of the modus opei andi of subtotal gastrectomy, and the nature 
of its complications 
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PRIMARY CARCINOMA OF THE DUODENUM 
Louis Berger, M D , and Harold Koppelman, M D 

Brooklyn, N Y 

FROM THE DEPARTMENT OP GASTRO INTESTINAL SURGERY JEWISH HOSPITAL. BROOKLYN N Y 

Primary carcinoma of the duodenum is a very rare condition, having 
a reported incidence of from 03 to 003 per cent of all autopsies, or, in other 
words, from one case m 3,000 to one in 31,000 autopsies ^ While 

an extensive literature has accumulated on this subject, critical analysis of 
the cases reported demands that many, especially among the earlier papers, 
must be discarded for the lack of pathologic proof of the diagnosis We wish 
to present a proven case of primary carcinoma of the third (infrapapillary) 
portion of the duodenum, and to briefly review the literature m order to 
emphasize the moie important clinical facts and to bring up to date the 
statistics relative to the incidence and the results of surgical therapy 

Case Report — Hosp No 243817 H B, white, male, age 53, was admitted to 
the Jewish Hospital, August 14, 1941, with pain in the entire right side of the abdomen 
for 3 mos , radiating to the back, occasionally relieved by food , constipation 6 mos , 
weakness and anorexia, 3 mos , loss of 20 lbs in 3 mos The pertinent physical find- 
ings were pallor, evidence of recent weight-loss, tenderness in the right loin, right 
lower quadrant, and right costovertebral angle All laboratory data were normal except 
for a R B C count of 3,860,000, Hb of 56 per cent, and occult blood in the stool 
Roentgenograms of heart, lungs, and kidneys were normal, a shadow on a plain film 
of the abdomen was suspicious of gallstones G I series revealed an irregular duodenal 
cap on most films, judged to be spastic Barium enema showed some irregularity of 
the cecum Gastroscopy, 8/24/41, was negative Preopeiatxve Diagnosis Malignancy 
of the cecum and cholelithiasis 

Celiotomy, September 5, 1941, revealed a generalized abdominal carcinomatosis, 
but no intrinsic lesion was observed in any organ Infiltrated para-aortic nodes were 
palpated all the way up to the root of the mesentery The gallbladder contained calculi 
An omental nodule, removed for biopsy, was reported as metastatic adenocarcinoma, 
origin unknown The subsequent course was uneventful until September 18, 1941, 
the 1 2th postoperative day, when, while out of bed, the patient complained of sudden 
severe generalized distress, and died within five minutes The clinical impression of 
the cause of death was coronary occlusion 

Nectopsy — No 41-168 Dr I Roy Gold The principal findings were generalized 
aiteiiosclerosis, with a fresh coronary thrombosis, carcinoma of the infrapapillary por- 
tion of the duodenum, with metastases to the lymph nodes, pancreas, liver, mesentery 
and pel itoneum , cholelithiasis , urolithiasis (bladder) , and a small leiomyoma of the 
stomach wall The duodenal neoplasm (Figs i and 2) almost completely encircled 
the bowel, beginn.ng 1 5 cm beyond the opening of the common bile duct (which in this 
case was separate from and 2 cm distal to the opening of the duct of Wirsung), and 
extended caudad for 6 cm The mucosa in the base of the lesion was excavated in a 
Y-shaped area but was intact over its raised, firm, pearly-white edges Both ducts and 
the papilla were entirely uninvolved, and the head of the pancreas was secondarily 
invaded Posteriorly, the lesion was continuous with a large mass of similar tumor 
tissue which replaced the para-aortic lymph nodes The microscopic appearance was 
typical of cylindrical cell carcinoma of intestinal origin (Fig 3) 
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Comment — While the diagnosis of gastro-intestinal malignancy was made 
in this case before operation, its duodenal origin was not determined either 
clinically oi roentgenographically, or even at exploration Similar eriois 
are common among reported cases, for several reasons The symptoms are 
often vague or obscure, and, as in this case, fail to point to any specific level 
When signs of intestinal obstruction are present, the condition is usually 
mistaken for ulcei or gastric neoplasm, while jaundiced cases are commonly 



Fig 1 — Drawing of the gross specimen as opened from behind Probe is in the opening of the 
duct of Wirsung, which did not join the papilla of Viter in this case The common duct and papilla 
have been opened, the latter appears midway between the duct of Wirsung and the upper margin of 
the tumor Inset shows the lesion and ducts in their anatomic positions 

mistaken for carcinoma of the head of the pancreas or for intrinsic common 
duct obstruction The location of the primary site at opeiation may be 
difficult in the distal retroperitoneal duodenum, as in the present case, 
where the cancer, though large, was obscured by the massive retroperi- 
toneal lymph node involvement around it as well as by the root of the 
mesentery 

However, the chief reason for error is the fact that duodenal car- 
cinoma, because of its rarity, is usually not consciously considered In 
this case the lesion was plainly to be seen on the roentgenograms, when 
they were reviewed, to be in the distal duodenum (Fig 4) The roentgen- 
ographic appearance of the condition has been well described by Hoffman 
and Pack, 21 Howes, 2= Doub and Jones, and Wemtraub and Tuggle 

Primary duodenal carcinoma is anatomically subdivided into supra- 
papillary, peripapillary and infrapapillary tumors on embryologic, patho- 
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logic, as well as upon clinical grounds The suprapapillary portion is above 
the common duct opening into the duodenum , it is derived from the foregut 
The infrapapillary portion arises from the midgut (yolk sac) while the 
region of the papilla is m the zone between the two In the latter area, 
carcinoma may arise from one of several of the epitheha in the region (duo- 
denum, ampulla of Vater, teiminal bile duct, or terminal pancreatic duct), 
while in the other ai eas, the duodenal mucosa is the sole offending epithelium 



Fig 2 — Photograph of gross specimen as opened from behind Upper arrow points to opening 
of duct of Wirsung, lower arrow to papilla of common duct The lesion is surrounded b> enlarged, 
invaded retroperitoneal Ijmph nodes, and above, bj the pancreas, also secondarily invaded 


Symptomatology and surgical therapy also vary with the different locations 
The literature of all three groups was very carefully analyzed in a 
series of three articles by Stewart and Lieber,^® and Lieber, Stewart and 
Lund,^°’ up to 1937, for supra- and infrapapillary growths, and, up to 19391 
for peripapillary tumors These three papers reviewed a total of 565 
previously reported cases, of which only 298 were acceptable as authentically 
proven, to which the authors added 25 of their own, making a total of 323 
acceptable cases We have found 80 additional cases in the literature to 
date, of which 62 were acceptable This number, plus the present case, 
added to the above figure aggregates 386 known proven cases to date 
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Of these, 77, or 199 per cent, were suprapapillaiy , 250, or 65 pei cent, 
were peripapillary, and 58, or 15 per cent were inf 1 apapillary The distri- 
bution of the three types, as reported by othei authois from smaller series, 
varied somewhat, but not radically from our figures 

While the over-all incidence of primary duodenal carcinoma, as men- 
tioned above, is from 03 to 003 per cent, Hoffman and Pack^i estimated 
that It comprises o 3 per cent of all intestinal carcinomata They also report 
that 111 a series of 228 reported cases of small intestinal carcinoma, 45 6 
per cent occuried m the duodenum Most cases occur m the sixth decade of 



Fig 3 — Photomicrograph of the general histologic picture The cells are irregular 
in size and shape and are arranged in acinar fashion, they invade the muscles and 
lymphatics of the duodenal wall (x 200) 


life In the larger series reported, males predominated over females, m 
ratios varying from 2 i to 4 i 

In the review below, ceitam clinical highlights of the disease aie stressed, 
especially the more recent contiibutions For detailed analyses of all phases 
of the subject, the reader is leferied to the excellent articles of Stewart and 
Lieber,^^ Lieber, Stewart and Lund,^®’ Hoffman and Pack,^^ and Cooper 

CARCINOMA OF THE SUPRAPAPILLARY^ PORTION 

Stewart and Lieber^^ analyzed 104 leported cases, accepted 57 as au- 
thentic, and added six of their own, making a total of 63 proven cases up 
to 1937 We have analyzed 15 additional cases, 14 of which are acceptable, 
bunging the present total of pi oven cases up to 77 The new cases are 
Three leported by Hoffman and Pack,-^ two by Cace,° and one each b} 
Jerrel,“^ Woods,^^ Allen,^ Hart Hansen,-'^ Nicolmi,^'’ Bolo, Jakob and 
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Busch, ^ Wiig,^^ Masciottra,®® and Bonarmo-Udaondo ^ Another case 
of Hart Hansen’s, was discarded for lack of pathologic proof 

The chief symptomatology of all malignant tumors of the duodenum is 
that of duodenal obstruction, which vanes more with the degree of obstruc- 
tion than with the location of the growth m the duodenum (Eger^®), except 
that periampullary carcinoma produces jaundice much earlier than those of 



Fig 4 — Roentgenogram of the stomach and duodenum Arrow points to the 
Y shaped irregularity in distal duodenum, -which corresponds to the crater of the 
actual lesion 


the Other two segments In the suprapapillary group, the onset was acute 
in about half the cases , the chief symptoms in order of frequency being 
vomiting, epigastric pain, weakness, weight-loss, jaundice and dyspepsia 
Those with gradual onset complained of pain, dyspepsia, weight-loss, vomiting . 
and jaundice in that order About one-fourth of the cases had a palpable 
mass in the region of the tumor The usual roentgenographic picture was 
that of an ulcerating or obstructing lesion in the duodenum, though in some 
cases it was negative The correct preoperative diagnosis was made only 
twice, and then from the roentgenograms Roentgenologic studies are chiefly 
valuable in ruling out lesions of stomach, colon and gallbladder 
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The usual pathologic picture is that of cylindrical cell caicinoma, though 
laie cases of squamous metaplasia have been leported,'^- and a few of 
malignant adenoma Hoffman and Pack^i found that suprapapillary grow ths 
were most often of a haid, fibrous or colloid type, rather than scirrhous or 
polypoid All three types usually obstruct the lumen and eventually neigh- 
boring structures There is no conclusive evidence that suprapapillary cancer 
develops on the basis of simple ulcer The incidence of metastasis is low, 
due probably to the rapid development of the disease and the early inter- 
ference with vital functions Hoffman and Pack-’^ report metastasis in 33 
per cent of 18 cases, and quote Outerbridge’s figure of 20 per cent in 125 
cases, though Stewart and Lieber^® found metastases in 75 per cent of their 
suprapapillary cases 

Results of treatment are very discoui aging Of course, there is no 
medical treatment for any duodenal carcinoma beyond palliation and sup- 
portive measures Of 27 cases treated surgically to date, 20 had palliative or 
purely explorative procedures, with an opeiative moitality of 13 (65 per 
cent), while two were reported meiely as operative recoveries, four died 
within the first year, and one at 3^ years after operation In seven cases 
in which lesections were attempted, three failed to survive opeiatioii (428 
per cent), two aie reported merely as operative survivals, one was alive 
for 3 months and another (Wiig’s^^ case) for 7)^ months after operation 
The operation of choice is resection of the whole duodenal segment, with 
gastro-enterostomy if the bile and pancreatic ducts are not compromised 
If they are, the procedure recommended below for pei ipapillary tumors is 
indicated Palliative procedures are dictated by the patholog}^ , gastro- 
enterostomy, with or without pyloric exclusion, for relief of alimentary 
obstruction, cholecystostomy or some type of gallbladder anastamosis for 
obstructive jaundice 

CARCINOJfA OF THE PERIPAPILLARY PORTION 

Of all duodenal carcinomata, this group is the most common (65 per 
cent) and, therefore, the most important It is impossible to be certain of 
statistical data in this group because of many contradictions and the con- 
fusion of diagnosis in the literature We have attempted to trace some of 
these discrepancies to their source and humbly offer the following con- 
clusions, none too sure of their accuracy, since some original sources were 
not available Though they themselves were found guilty of several mis- 
quotations, the study made by Lieber, Stewart and Lund,^^ in I939> 
found to be the most critical, and we accept their figures as the most ac- 
curate available, with some corrections offered 

These authors carefully analyzed 399 cases leported up to I939> 
discarded 194, almost half, for lack of pathologic proof or insufficient data 
To 205 acceptable cases, they added 17 ones, making a series of 222 
proven cases to 1939 We have analyzed 45 additional cases to date, of 
which 29 are acceptable as proven, bringing the current total up to 251 
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The new cases are Fourteen reported by Cooper six by Hart Hansen ,20 
three by Allen/ and one each by Cace/ Duckworth/'^ Gasbarnni/® Hoshino 
and Abe/2 Orr/2 and Cabot/ Case No 24162 Five cases reported from 
the roentgenographic standpoint only (four by Weintraub and Tuggle/’^ 
and one by Doub and Jones^^), were excluded because of insufficient data 
Eleven cases, reported surgically, by Whipple,^® in his excellent article on 
the surgery of this condition and of carcinoma of the head of the pancreas, 
have also been excluded from our statistics since no differentiation was made 
between the duodenal or pancreatic origin of the tumors 

The relatively early development of obstructive jaundice (acute in 80 
per cent) is the cardinal symptom of peripapillary carcinoma and was pres- 
ent m 99 per cent of the recorded cases The jaundice was accompanied by 
fever m 33 per cent of the cases The principal accompanying symptoms 
were pain (60 per cent), loss of weight and strength, anorexia, vomiting, 
constipation and diarrhea, m that order Very few patients presented any 
palpable mass, while 78 per cent had enlarged livers and half the cases 
had palpable gallbladders The correct preoperative diagnosis was made m 
20 per cent of the cases, and was suspected, roentgenographically, in about 
25 per cent Weintraub and Tuggle^" reported a case m which the roent- 
genologic diagnosis was made by the discovery of air m the biliary tree, 
due to duodenobiliary fistula 

The close proximity m this region of several complex and anatomically 
vaiiable structures, and the early spread of cancer m the area to adjacent 
tissues, makes it very difficult to determine the exact site of origin of most 
peripapillary cancers and to exclude tumors arising in the bile ducts and 
pancreas From the standpoint of surgical therapy, such refinements are 
mainly academic, as the whole area, including the terminal bile and pan- 
creatic ducts and the head of the pancreas may be considered as one unit, 
but for purposes of nosology an attempt at differentiation is necessaiy 
Lieber, Stewart and Lund®^ classified 229 cases as follows 


U Primary carcinoma of the ampulla of Vater 3 

2 Primary carcinoma of the terminal duct of Wirsung 1 

3 Primary carcinoma of the terminal common bile duct ^ 

4 Primary carcinoma of the intestinal mucous membrane covering the papilla of Vater 3 

5 Carcinoma involving all the epithelial structures comprising the papilla of Vater under Groups 1 2 

3 and 4 132 


6 Carcinoma involving all the epithelial structures comprising the papilla of Vater exclusive of the 

intestinal mucous membrane 33 

Thus, 79 per cent of their cases fell into the large, indetei inmate Group 
5 , despite very careful microscopic studies in many instances Hoffman and 
Pack^i believe that “carcinoma of the ampulla of Vater is not a true duo- 
denal carcinoma, since it arises from the epithelium lining the terminal portion 
of the common bile duct The growth usually exhibits the histologic charac- 
teiistics of the epithelium of the bile duct and may even develop true epi- 
dermoid carcinoma,” of which they present an example Carcinomata of 
this region are frequently of the soft, bulky, polypoid A^anety, with an early 
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tendency to ulceration and bleeding, 21 which accounts for the fact that about 
20 per cent exhibit blood in the stoopi — a guide to early diagnosis 

Fiom the viewpoint of etiology, Cohen and Colp^^ pointed out that the 
papilla and ampulla are exposed to the chronic irritation of an alkaline curient 
fiom the ducts as well as the acid wash of the gastric contents However, 
the higher incidence of carcinoma in this region may be due to the fact that 
the piesence in this area of the duct epithelia, which are susceptible to car- 
cinogenesis, outweighs the factor of relative immunity exhibited by the 
duodenal mucosa itself, for we have seen that it is usually impossible to tell 
the specific site of origin of most of the tumors 

In evaluating reported surgical results, one is confronted by contradic- 
tions 111 the reports of various authors, based on the loose interpretation 
of diagnostic criteria for one thing, and also on sheer misquotation m seveial 
instances In 1927, Cohn and Colp^^ reviewed 59 cases tieated by ladical 
surgery, reporting an opeiative mortality of 44 per cent among 53 cases of 
tiansduodenal resection In 1928, Busch® reported nine survivals of one 
yeai or more, based mainly on Fulde’s^'^ paper of 1927 Muller and Rade- 
maker,®® m 1931, quoting Busch,® reported eight survivals of four years 
or more, and are, m turn, quoted by Cooper ^2 jn 1935, Hunt and Budd^'^ 
collected 18 additional cases, which added to those of Cohn and Colp, com- 
prised a senes of 76 cases subjected to radical surgery with a mortality 
of 38 I per cent Allen,^ in 1938, reviewed 97 reports of radical surgery 
(from the above papers) and found a 25 7 pei cent survival of one year or 
more Basing our present figures mainly on Lieber, Stewart and Lund’s®’- 
critical analysis of the original repoits up to 1939, on our own review of 
the cases reported since then (analyzed by the same criteria), and on 
refeience to oiiginal sources where disci epancies appeared among many of 
the above reports, we have concluded that to date, a total of 136 ade- 
quately pi oven cases of peripapillaiy carcinoma have been subjected to 
surgery of any type In 122 cases, some operative lesult is known Of 
these, 64 had purely palliative procedures for the lelief of obstructive jaundice, 
with an operative mortality of 73 5 per cent, while in 58, ladical resection 
of the primary tumor has been attempted alone or m combination with 
other procedures, with an operative mortality of 29 3 per cent Of the 
latter group, the eight cases below, all of whom had transduodenal 


Reported By 

1 Korte Case 32 

2 Oleani 

3 Lewis (Kelly s case) 

4 Kleinschmidt Case 2 
3 Tenant 

6 Fulde 
1 Clar 

8 Lauwers Case 1 


Year 

Survival Period 
(Living and Well) 

Final Authority 
for Survival Figure 


1909 

22 years 

Busch 16] 1928 


1919 

4 years* 

Oleani (411 1919 


1921 

9 years* 

Lewis [29], 1921 


1922 

6 years 

Lieber, Stewart and Lund 131), 

1939 

1922 

3 years'*" 

Tenani [46] 1922 


1927 

2 years 

Fulde 117) 1927 


1927 

13 years 

Nemenyi quoted by Lieber Stewart 

1933 

3 years 10 mos 

and Lund 131] 1939 

Lieber Stewart and Lund ]31] 

1939 


Incorrectly cited by Lieber, Ste-wart and Lund^^ as Oleani i month, Lewis, 
4 months. Tenant 5 months 
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resection, with or without other procedures, are known to have been living 
and well for two years or more after 'operation (138 per cent two-year 
cures), while four of these were alive and well five years or more (68 per 
cent five-year cures) 

Also worthy of mention are Muller and Rademaker’s^® case, who died 
four years and eight months after operation, of metastases, and that of 
Judd, quoted by Cooper, alive 2)4 years after operation, but 
known to have a recurrence, both patients having also had transduodenal 
resections Cabot’s case, originally reported by Potter**^ as an eight-year 
cure, was excluded because it was a carcinoma of the common bile duct 
proximal to the duodenal segment, while three other cases, also reported by 
Muller and Rademaker^® and Cooper^^ ^5 five-year cures, were excluded 
because of insufficient data, namely, the cases of Oehler,^® Van Remynse and 
Van Ardenne t 

In the surgical approach to peripapillary carcinoma, the problem of re- 
establishing biliary and pancreatic continuity, especially the latter, has been 
most formidable However, in 1935, Whipple, Parsons and Mullins^® 
demonstrated that the reestablishment of pancreatic flow is not essential to 
life, thus increasing the prospect for a higher percentage of radical cures 
The two-stage procedure which they evolved, as revised in 1938 by Whipple,"*® 
consists of a first stage, in wdiich the common bile duct is ligated, the jejunum 
IS sectioned and a cholecystojejunostomy and entero-anastomosis are per- 
formed according to the Y-principle of Roux At the second stage, gastro- 
enterostomy IS performed, and is followed by a block resection, including 
the descending portion of the duodenum together with the distal portion of 
the common duct, and a V-shaped section of the head of the pancreas The 
open duodenal ends are closed and the pancreatic ducts are ligated tightly In 
1941, Orr^^ reviewed 15 cases of ampullary and pancreatic carcinoma treated 
by some variation of Whipple’s principle, including one case of his own, and 
found a 33 per cent mortality, and 266 per cent survival (four cases alive 
3 months, 4 months and 6)4 months, and one an unknown period, post- 
operatively, respectively) In the exceptional case of very small tumors, 
simple excision may be radical enough to get wide of the growth , in others, 
the two-stage procedure of Whipple appears to be the operation of choice for 
the future In very good risks, with adequate preoperative preparation, the 
tw'O-stage operation is now undertaken in one sitting (Ziegler®^) Orr^^ 

t Oehler^'* originally reported his case in 1910 as alive and well three months after 
operation Melchior, ^6 m 1917, cited the same case as “alive one year, n months post- 
operative, slightly jaundiced, recurrence? by personal communication of Kausch ” 
This reference was misquoted by Fulde,!’* in 1927, as a six-year cure, the error being 
perpetuated through Busch® (1928) to Muller and Rademaker®® (1931)) ^^d Cooper^^ 
(1937) The “cures” of Van Remynse (six years) and Van Ardenne (five years) 
were credited to a report by Khnkert,^® m 1929, but reference to this source reveals 
no evidence whatever to consider these cases They received only the briefest one- 
sentence mention by a discusser of Khnkert’s paper, which reported an entirely dif- 
ferent case 
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suggests the use of lipocaic (pancreatic hormone) in combination with the 
above procedure. 

CARCINOMA OF THE INPRAPAPILLARY PORTION 

This group, m which our own case falls, is the smallest of the three (15 
per cent) Stewart, Lieber and Lund'"^® analyzed 62 reported cases, accepted 
36 as authentic, and added two of their own, making a total of 38 proven 
cases up to 1937 We have analyzed 19 additional cases, all proven, which, 
with our case, bring the total known to date to 58 The new cases are Six 
reported by Hoffman and Pack,^^ three by Hart Hansen,^® two by Bergen- 
dahl ,2 and one each by Howes,^^ Hadfield- Jones, Allen,^ Claiborn and 
Dobbs,^° Brunschwig and Childs,® Pollack,^^ Macindoe,®® and Cabot® Case 
No 27092 

The principal symptoms were pain, vomiting and cachexia, regardless 
of type of onset, while anorexia, constipation, diarrhea and jaundice were 
found less commonly Only 166 per cent had a palpable mass m the region 
of the tumor The preoperative diagnosis was rarely made Lieber, Stewart 
and Lund®° found in a series of 15 cases studied roentgenographically that 
an obstructing lesion of the duodenum was present in 40 per cent , 111 33 per 
cent the lesion was incorrectly diagnosed as at or neai the pylorus, while 
in 27 per cent no lesion was demonstrable 

The usual pathologic picture was that of a broad, flat, ulcerating mass, 
as m our case The average size was 3-5 cm in diameter m the majority 
of cases 


Table I 

DISTRIBUTION OF CASES AND RESULTS OF SURGICAL THERAPY OF 
PRIMARY CARCINOMA OF THE DUODENUM 


Primary Carcinoma of Duodenum 

Suprapapiilary 

Peripapillary 

InfrapapiIIary 

Total 

Total No of reported cases 

125 

461 

84 

670 

Distribution in duodenum 

18 6% 

68 8% 

12 5% 


Total No accepted as proved 

77 

251 

58 

386 

Distribution in duodenum 

19 9% 

65 0% 

15 0% 


Total subjected to surgery 

27 

136 

33 

196 

Palliative surgery 

20 

64 

22 

106 

Operability 

25 9% 

25 4% 

37 9% 

27 2% 

Op mortality 

65 0% 

73 5% 

90 0% 

75 5% 

Radical surgery 

7 

58 

11 

76 

True operability 

9 0% 

23 1% 

18 9% 

19 6% 

Op m,ortality 

42 8% 

29 3% 

33 3% 

31 0% 

No alive and well at 2 years 

0 

8 

0 

8 

Per cent 2-yr cures 

0 

13 8% 

0 

10 5% 

No alive and well at 5 years 

0 

4 

0 

4 

Per cent 5-yr cures 

0 

6 8% 

0 

5 2% 


To date, there are 33 reported cases in which surgical therapy has been 
applied Of these, 22 had purely palliative or exploratory opeiations, in two 
of which the results are not recorded Of the 20 known results, 18 were 
immediate operative mortalities (90 per cent), wdnle all w^ere dead in three 
months Eleven radical resections have been attempted, m tw'O of which no 
results are recorded Of the nine known results, three were operative mor- 
talities (33 per cent), while six were successful Of these, three patients 
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were alive at three months, and three at 15, 16 and 20 months after operation 
(the cases of Brunschwig and Childs,® Hadfield-Jones^^ and Bergendahl,- 
respectively 

Since the bile and pancreatic ducts are not involved, the operation of 
choice for mfrapapillary tumors is resection of the affected segment and 
reestablishment of alimentary continuity by duodenojejunostomy, end-to-end, 
end-to-side, or side-to-side Hadfield-Jones^® brought the jejunum to the 
right, under the superior mesenteric artery, until it lay in position for anas- 
tamosis to the proximal duodenal segment without tension Lahey’s^® plan 
of antecolic duodenojejunostomy, recommended for high jejunal lesions, may 
also be applied to mfrapapillary duodenal lesions 

SUMIIARY AND CONCLUSIONS 

A pi oven case of primary carcinoma of the mfrapapillary portion of 
the duodenum is presented, and discussed from the point of view of clinical 
roentgenographic, operative and autopsy findings 

The literature on all types of primary duodenal carcinoma is reviewed, 
covering a total of 386 proven cases to date, of which 19 9 per cent were 
supiapapillary, 65 pei cent pei ipapillary, and 15 per cent were mfrapapillary 
Each subgroup is briefly consideied from the standpoint of incidence, 
principal symptomatology, 1 oentgenographic findings, pathologic picture and 
recorded surgical results The latter are summarized in Table I 

Earlier diagnosis depends on a bettei awareness in the mind of the 
clinician that the diagnosis of duodenal carcinoma is possible though rare 
(from 03 per cent to 003 of all autopsies) Roentgenologic examination is 
especially helpful if the lesion is looked for consciously 

While the results of radical surgery in duodena caicinoma so far have 
been very discouraging (52 pei cent five-year cures), with earlier diagnosis 
and with improved methods of pre- and postoperative care, such as exist 
today, the prospect for improved results in the future looks brighter, since 
a rational suigical technic is available for each gioup of cases, and since 
metastasis at the time of exploration is low 
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SOLITARY NONPARASITIC CYST OF THE LI^^^ER 
H Stokes Munroe, Jr , M D 

Charlotte, N C 

Solitary nonparasitic cyst of the liver occurs sufficiently rarely to 
warrant the report of every such cyst encountered In 1937, Davis’ exten- 
sive study of nonparasitic cysts of the liver revealed 187 reported cases of 
a solitary cyst, to which he added one Eight years previously, Stoesser and 
Wangensteen’s^^ review placed the number of reported cases at 104 Ochs- 
ner reported a case in 1937 Jennings added a case in 1939, and during 
the same year Attix“ repoited another In 1940, Montgomery-^ added two 
cases 

Although leported cases include all ages fiom fetal life to extreme old 
age, the disease most commonly presents itself between the ages of 40 to 60 
As stated by Montgomery (including his two reported cases) 111 1940, 
theie have been only 27 cases under the age of 13 No doubt, as is true in 
all diseases, there have been others that have not found their way into the 
literature 

I should like to leport a case that piesented a solitary nonpaiasitic cyst 
of the liver which recently came under my care 

Case Report — M S , male, age nine months, was readmitted to the Charlotte 
Memorial Hospital, September 7, 1941, with an enlarged abdomen since the age of six 
weeks The family history was essentially normal The child was born at full term by normal 
delivery The birth weight was eight and one-half pounds (3855 60 Gms ) The child had 
never eaten well He nursed only fairly well, and there was frequent regurgitation He 
had had no acute sickness other than a “spell of flu” at age two months The child 
gained fairly normally up until age six-seven months, since which time he had gained 
rather poorly After birth and up until he was four months old, he would never have 
regular bowel movements, but his diapers were almost constantly spotted This condition 
was checked by therapy, but since then there had been some trouble with constipation 
The mother noted that the child’s abdomen was too large at age six weeks when 
“navel bands” were being used She did not pay a great deal of attention to this, but 
she became alarmed when she noted a hard lump m the right upper quadrant when he 
was six months old Dr E K McLean of the Pediatric Department of the Qiarlotte 
Memorial Hospital was consulted He informed the parents that a tumor was present, 
and studies were ordered Dr Robert W McKay of the Urological Department studied 
the kidney status, and it was his opinion that the tumor did not originate from the 
kidney Dr Allan Tuggle of the Radiology Department reported “A flat film of the 
abdomen reveals a huge mass in the right abdomen On some of the films a normal-sized 
kidney shadow is seen through this mass The spine is not unusual 

“A barium enema shows the colon to fill completely with no defects or spasms The 
mass depresses the hepatic flexure and the midtransverse colon (Fig i) 

“A pylogram on the following day after injection of five cc of diodrast shows 
excretion from each side A 10, 20, 30, 50, and 70 minute film shows poor function 
The mass previously seen on the flat film is excluded as being kidney 

“From the radiographs I doubt that this is a renal neoplasm but would suggest that 
It is liver ” 


751 


H STOKES *MUNROE, JR Annals of Surgerj 

November 19 42 

It was decided to determine whether roentgenotherapy would dimmish the size of 
the mass Through the anterior right upper quadrant 400 R and 350 R through the 
lateral right upper quadrant failed to decrease the size of the mass 

Physical Eramma/ioii —Temperature to be 98°F, pulse 84, respiration 18 The 
patient was a well-developed and well-nourished white male of nine months, with a 



Fig I — Preoperative roentgenogram after barium enema, 
showing the marked displacement of the colon medially and in 
feriorly by the large mass occupying the right upper abdomen 
As pointed out by Hofmann, this is a most important sign in the 
diagnosis of liver cysts 

greatly enlarged abdomen Head Normal bony contour Eyes Reacted actively to 
light Ears Essentially normal Nose and Throat Essentially normal Heart and 
lungs were negative Abdomen There was a large, firm apparently nantender mass 
about the size of a grapefruit which filled almost the entire right side of the abdomen, 

espeaally the right upper quadrant The mass was fairly movable and seemed to be 

smooth-walled There was a visible prominence of the right upper quadrant with a defi- 
nite flaring of the right costal arch There were no herniae, scars, or tenderness of the 
abdomen Spleen was not palpable There were no enlarged lymph nodes External 

genitalia normal male development Extremities were normal 

Laboratoiy Data — Hb 60 per cent, WBC 11,900, RBC 3,900,000, Differential 
essentially normal , Wassermann and Kahn tests negative Uranalysis essentially normal 
Impression and Pi eoperatwe Diagnosis — Most likely either a mesenteric or omental 

cyst 
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OpeiaUon — September 7, 1Q41 (H S M, Jr ) The patient was gi\en a subcutan- 
eous infusion of 300 cc of saline Under drop-ether anesthesia, the abdomen vas opened 
through a long right midrectus muscle-sphttmg incision A large smooth-walled mass, 
which completely filled the upper right side of the abdomen and a great portion of the 
right lower abdomen, presented itself It was immediately apparent that this mass was 
densely incorporated into the right lobe of the liver It measured about 12 cm in 
diameter, and although firm, it was suggestively cystic The mass, along with a portion 
of the liver, w'as delivered through the incision, w'hich was necessary because it was 



Fig 2 — Appearance and anatomic relationship of the mass upon operatne exjiosure 

not readily accessible for aspiration The delivery of the mass and paitial deluery of the 
liver occasioned some shock The stomach, duodenum, large bowel, and small bowel 
W'ere all displaced to the left and interiorly (Fig 2) An aspirating needle was inserted 
a distance of fully 2 5-3 cm , wdien clear straw -colored fluid w as encountered and 
aspiiated After a portion of the fluid had been aspirated, the mass was returned into 
the abdominal cavity The gallbladder lay just to the left of the iinohed portion of the 
light lobe of the luer The cyst had taken up fully one-half to two-thirds of the right 
lobe of the liver Normal liver tissue could be recognized on the anterosupenor portion 
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of the cyst, but it was impossible to find a sharp line of demarcation between the 
grossly normal liver tissue and the wall of the cyst Abdominal palpation revealed no 
apparent renal enlargement or pancreatic enlargement that would be suggestive of 
polycystic disease The cystic mass was then incised at the point of aspiration Fluid 
was removed by suction Its quantity was not accurately measured although a specimen 
was saved for study The interior of the cyst was smooth-walled, and there were several 
membranous folds partially traversing the cavity At its most inferior portion the cyst 
wall was approximately two cm in thickness This apparently was the thinnest 
portion of the wall An adequate portion of the wall was removed for pathologic study 
The cavity of the cyst extended far up into the central portion of the right lobe of the 
liver One gained the impression that the cyst most probably had its origin deep within 
the right lobe of the liver, and that the wall of the cyst was composed of atrophic liver 
tissue The intrinsic pressure of the cyst was apparently low It was apparent that the 
child would never survive any attempt at complete extirpation of the cyst, hence, mar- 
supialization of the cyst wall to the peritoneum was elected A portion of the incised 
cyst was closed with .interrupted No 2 chromic catgut The peritoneum and posterior 
rectus sheath were approximated with continuous No i plain catgut Due to the 
extreme thickness of the wall of the cyst it was impossible to bring the cyst wall up to 
the skin margin The peritoneum and posterior rectus sheath were sutured to the cyst 
wall about the opening of election in the wall of the cyst The anterior rectus sheath was 
approximated with interrupted sutures of fine black silk above and below the opening 
Through a large Penrose dram a number of gauze strips that had been saturated with 
Zenker’s solution (solution of bichloride of mercury s per cent, and potassium dichromate 
2 5 per cent) were inserted into the cyst cavity The patient left the operating room in 
fair condition Postopeiative Diagnosis Solitary nonparasitic cyst of the liver 

Pathologic E\ammation — Mici oscopic Dr Paul Kimmelstiel “Histologic sections 
through the wall of the cyst show that the latter is mainly composed of rather a cellular 
connective tissue in which are found numerous bizarre-shaped ducts lined by a single 
layer of low cuboidal epithelial cells The lumen of many of the ducts is open, but 
some of them are not patent The ducts and capillaries are irregularly arranged and 
surrounded by concentric layers of laminated connective tissue In some areas a collec- 
tion of large polygonal epithelial cells is seen , the cells have clear borders and the 
cytoplasm as vacuolized The nucleus is located in the center The cells are not in 
distinct arrangement, they do not form glands, but they occur in columns and nests, 
separated from each other by capillaries which can be readily identified as they are 
lined by endothelial cells These groups of cells are suggestive of vacuolized liver cells 
which do not bear cilia The inner lining of the cyst is m continuity with a number of 
bay-like extensions which in turn are continuous with the above described ducts in the 
wall of the cyst 

“Chemical examination of fluid from cyst Specific gravity i 010, N P N 13 mg 
per cent, cholesterol very faint trace, bile negative, urobilinogen negative, hemoglobin 
negative, total protein IS Gni per cent Pathologic Diagnosis — Congenital cyst of 
liver derived from bile ducts 

Postopeiative Pi ogress — Following operation there was a febnle reaction, the rectal 
temperature rising to 104 4°F on the evening of the day of operation, but this gradu- 
ally subsided The gauze pack was removed from the liver cyst on the second post- 
operative day, and a soft rubber catheter was inserted Drainage was only moderate 
At no time was there any gross or clinical evidence of bile On the ninth postoperative 
day, the temperature suddenly rose to I04°F, but rapidly subsided with sulfathiazole 
therapy The cyst was daily irrigated with Dakin’s solution Frequent measurements 
demonstrated gradual diminution m the size of the cyst One month after operation 
a roentgenogram taken following injection of lipiodol through the catheter showed a 
cavity of about two cm in size (Fig 4) The liver shadow was still large The 
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cyst was fiequeiitly flooded with Zenker’s solution which seemed to produce little or no 
generalized reaction 

Subsequent Cause — The child was discharged from the hospital, October 15, 1941, 
five weeks after operation, and was seen at weekly intervals, the catheter being irrigated 
wnth Zenker’s solution without any untoward reaction at each visit The cavity gradually 
reduced to one cm in size The catheter was gradually lemoved and the tract was 
packed with iodoform gauze This gauze was gradually displaced by granulation tissue 
Abdominal palpation, March 30, 1942, revealed an oblong, nontender, firm mass that 
extended from the area of marsupialization to the liver This was taken to be the 
obliterated cyst of the liver There was a small granulating area at the region of the 




Fic 3 —Top Cyst Mall under low power showing fibrous tissue with bile ducts On the 

left of the midline is nest of liver cells , . ,, 

Lower right Outpouching of cyst, showing high cylindrical cells lining the inner v>'aU 
Lover left Cyst wall under high power showing small bile ducts partially with and 
partially without demonstrable lumen 
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marsupialization that is rapidly healing under treatment with silver nitrate The sinus 
tract i\as obliterated The child is growing and developing normallj^ and appears to be 
m the best of health (Fig 5) 

Nonpaiasitic osts of the livei may be single or multiple Multiple cysts 
may be confined to the Inei alone, but moie commonl}^ the}' aie associated 
with cysts of the kidnets, panel eas, spleen, lungs, and biain Multiple cysts 
aie moie common m childieii than in adults, and may be associated wuth 
othei congenital malfoimations as haielip, cleft palate, and spina bifida Soli- 
taiy nonpaiasitic cysts aie moie common in adults Whethei justifiable oi 
not it IS customai} to difieientiate shaiply between sohtaiy and multiple 
nonpaiasitic c}sts of the livei Boyd® and Sonntag®*^ aie inclined to believe 
that c}stic disease and solitan^ cj^sts of the hvei aie difteient manifestations 
of the same disease Stoessei and Wangensteen®® state as follows “It is 
geneially accepted that sohtaiy cysts m nonaitenoscleiotic kidnejs aie but 
another expiession of polycjstic disease, a coi responding similaiity would 
appeal to extend to the manifestation of the disease m the hvei In seveial 
cases reported on sohtaiy c}sts of the hvei, theie have been small cysts in 
the pioximity of the laige cjst ’’ Whether the sohtaiy cyst of the livei is a 
lonesome manifestation of pol} cystic disease oi an entirely uni elated abnoi mal 
piocess IS a debatable issue Until moie is knowm, and for the sake of claiity, 
let us lefei to these two conditions as definitely sepaiate entities In the 
reports of some wiiteis this difteientiation has not been shaipl} adheied to 

C\sts seem to occui moie often in females than in males, the latio being 
4 I This is explained on the basis that de\ elopmental defects are w^ell knowm 
to be moie common in the female sex 

The earliest leported case of cystic disease of the Inei wms that of Biistow^e 
111 1856 This was the postmoitem finding in a 53-yeai-old shoemaker To 
substantiate the congenital origin of these cysts and to illustiate the age 
variations, let us review'’ some of the leports In 1880, WitzeU'^ repoited 
a case of a large hvei cyst in a newborn wfiiich complicated laboi In the 
same year Sanger and Klopp ®“ lepoited a very similai case In 1892, Bagot® 
lepoited a case wuth a liver c}st containing tw'O and one-half gallons of fluid 
w'hich, of couise, interfeied w'lth delnmiy The oldest patient wuth nonpaiasitic 
cyst of the li\ei wms repoited by Bland-Sutton*" m 1905 This w'as in a man, 
age 75 


PATHOLOGIC ANATOMY 

Reference has aheady been made regarding sohtaiy and multiple non- 
parasitic cysts of the hvei Solitary cysts are most commonly found at the 
antero-infeiior poition of the light lobe of the liver The quadiate lobe and 
the left lobe ai e sometimes involved, and in still few'er cases, the cyst occupied 
the central portion of the livei In one case described by Montgomeiy,®® 
and in a few' cases descnbed by Hairington,^® the louiid ligament w'as in- 
volved The size of the cyst and the amount of liver destiuction vaiy con- 
siderably Some cysts are microscopic, and some may fill the abdomen An 
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entire lobe of the liver may be destroyed by the cyst The cyst may be wholly 
or partially intrahepatic, oi it may be pedunculated Little is known about the 
growth of these cysts, but apparently growth is so tardy that adjacent viscera 
quickly adapt themselves to its presence without symptoms as a rule In 
contradistinction to echinococcus cysts, these cysts have a characteristic low 
internal tension 

The external surface of these cysts is usually smooth, glistening, and 
grayish-blue, often showing many dilated veins The appearance may be not 
unlike that of a large smooth-walled cyst of the ovary The internal surface 
IS usually smooth, less regular, and is usually trabeculated The thickness of 
the cyst wall is variable There is usually no definite line of cleavage between 
the intrahepatic and partially intrahepatic cyst wall and the normal liver tissue 
The cystic contents vary from a clear, watery, sometimes yellowish-brown 
fluid, neutral or alkaline in reaction, with a specific gravity varying from i 007 
to I 024 to a semisohd material resembling an organized clot, as in the case 
repoi ted by Montgomery An analysis of the cystic fluid may show albumin, 
mucin, cholesterol, blood, hematoidin, hemosedeiin, tyrosine, some granular 
and cellular debris, and rarely bile Some writers claim that the older cysts 
contain no bile because it is being constantly absorbed In explanation of 
the presence of bile in some cysts, Boyd ® ventured to say that if the cyst 
increases m size, large intrahepatic bile ducts rupture into the cyst, their 
walls being destroyed by pressure This explanation would appear to find 
support in the fact that following drainage of the cyst, bile has been known 
to escape through the drainage tube when the contents of the cyst at opera- 
tion failed to show bile pigments 

The microscopic appearance of the cyst wall, according to various authori- 
ties, consists of three layers of connective tissue, an inner layer rich in cellular 
element, a circularly arranged dense layer poor in cell nuclei and containing 
a few blood vessels with thickened intima, a loose outer layer with elastic 
fibers, muscle bundles rich in cells, many blood vessels and bile ducts The 
cyst IS lined with cubical, cylindrical, or flat cells, but the epithelium is much 
desquamated The bile ducts found in the walls of the cysts are usually lined 
■with the same kind of epithelium which lines the cyst 

The most generally accepted classification of nonparasitic cysts of the 
liver IS that of Sonntag “(a) Blood and degenerated cysts, (b) dermoid 
cysts, (c) lymphatic cysts due to obstruction or to congenital dilatation of 
the lymphatics, (d) endothelial cysts, (e) cysts due to bile duct obstruction, 
and (f) proliferative cysts (cystadenoma) ” 

The possible mode of origin of these cysts has been discussed at length 
by Siegmund,®® von Kahlden,'^® Neuwerk and Hufschmid,^® Borrmann,’’ Kauf- 
man,^" Konjetzny,^® Sternberg,®’ Plenk,®^ Burns,® Jones,^® Bland-Sutton,® 
Moschowitz,®'^ McGlannon and Henke 

There is considerable discrepancy in regard to the histiogenesis depend- 
ing on the individual interpretation of histologic findings Consequently, no 
classification of nonparasitic cysts of the liver is yet presented which has 
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found general acceptance Heixheinier,^^ in his description of cystadenoma 
of the liver (cysts), coirectly emphasizes this point 

DIAGNOSIS AND CLINICAL FEATURES 

Solitaiy nonparasitic cysts of the liver apparentl}’- giow so slowly that in 
most instances, few if any symptoms aie pioduced, advice usually being sought 
because of the piesence of a painless abdominal swelling Occasionally, how- 
ever, theie may be a sudden onset of acute symptoms This is seen, for 
instance, when an acute hemoirhage occurs into the cyst, when suppuration 
supervenes, or when, in the pedunculated variety, the pedicle becomes twisted 
A correct pieopeiative diagnosis is laiel}^ made, the majoiity of the cases 
being diagnosed on exploiatoiy celiotomy or at necropsy There is only one 
case leported with a coriect pieoperative diagnosis Kilvington, of Mel- 
bourne (where hydatid cysts are common), made this diagnosis on the basis 
of the low internal tension of the cyst 

This condition is usually symptomless unless complications occur or the 
cyst compresses some adjacent stiuctuie such as the extrahepatic bile ducts 
or the fiist portion of the duodenum With compression, there may be acute 
hepatic pain, nausea, vomiting oi jaundice As most of these cysts aiise 
fiom the anteio-infeiior suiface of the right lobe of the hvei, clinical examina- 
tion Avill determine the site of the tumor while ladiography may show that 
the tumoi is pai t of the hvei One of the most impoi tant signs is that pointed 
out by Hofmann With large cysts oi tuinois of the liver, the colon is pushed 
downward and to the left of the abdomen, while in the case of neoplasm or 
other enlargements of the kidney, the colon lies over the tumor This point 
ma}’’ be easily demonstrated by barium enema In my opinion, this a veiy 
important diagnostic criterion 

In the case of all large pedunculated cysts of the liver, dowmvard displace- 
ment IS limited by anchorage to the hvei , but a considerable degi ee of lateral 
movement is often obtained Induced pneumopeiitoneum followed by roent- 
genologic examination has proven of little help Peiitoneoscopy may be an 
aid in diagnosis Liver function tests, as a rule, show little deviation from 
the normal I do not intend to enter into a detailed discussion of the diffei- 
ential diagnoses at this time 


TREATMENT 

The only treatment for solitary cysts of the hvei demanding relief is 
surgical intervention Complete extirpation of the cyst should be undertaken 
if conditions permit Too fiequently, this procedure cannot be wisely at- 
tempted without inviting disaster Partial extirpation along with drainage 
and marsupialization, or just drainage along with marsupialization have pro- 
duced satisfactory end-results in most cases In some instances in which 
external drainage has been done, a sinus has remained for from a few months 
to years In Evans’ case a sinus persisted Jones stated that m Theodoi off’s 
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case a sinus remained for 37 months following drainage of a nonpaiasitic 
cyst Porter’s patient developed a chionic sinus and the patient died follow- 
ing an attempt to correct this condition surgically Fatalities have been 
reported which were due to shock from the sudden release of intra-abdominal 
pressure This can be avoided by the injection of epinephrine hydiochloiide 
subcutaneously befoie the cyst is opened, and by slow removal of the fluid 
The prognosis is good if the patient survives operation, but the operative 
moitahty of nonparasitic cyst of the liver m repoited cases varies between 
10 and 30 per cent 

Comment — In my case I should like to stiess the extreme thickness of 
the cyst wall, and the fact that a laige portion of the cyst was intrahepatic 
Although the fluid content of the cyst was aspirated by needle the cyst showed 
no tendenc)'^ to collapse The thickness and rigidity of the wall would not 
have permitted any radical i emoval of the cyst, nor would an adequate closui e 
have been possible after such a procedure, furtheimore, this patient would 
not have suivived such a radical attempt at i emoval of the cyst These con- 
siderations prompted the opeiatn'^e proceduie adopted A portion of the 
wall was excised for pathologic study, and the cyst wall was marsupialized 
to the peritoneum and the posterior rectus sheath No collapse of the thick 
wall of the cyst was anticipated The lining was frequently treated with 
Zenker’s solution to facilitate the eventual obliteration of the cavity by granu- 
lation tissue The end-result is quite satisfactory 

Our case, as well as the majority of similarly treated ones, may thiow 
some light upon the nature of such nonparasitic cysts of the liver which are 
lined by epithelial cells It is generally agreed that these cysts, and they 
represent the majority of cases, are derived from congenital malformations 
The mode of growth, however, has not satisfactorily been explained 

With the exception of such few cases, in which histologic examination 
revealed evidence of the caicinomatous character of a papillary cystadenoma, 
the true blastomatous nature of liver cysts is still questionable 

Thejr can readily be classified as hamaitomata in the sense of Albiecht, 
as malformations based upon disproportion anlage of tissue elements 

The enlargement may be explained by gradual increase of fluid with pro- 
portionate increase in number of lining epithelial cells within physiologic 
limits Adjacent smaller cysts may merge into the larger one Pressure upon 
the surrounding liver tissue may result in atrophy The latter, as commonly 
observed in cirrhosis or other scars of liver tissue, is associated with pro- 
liferation of bile ducts Proliferating bile ducts, therefore, in the wall of In'er 
cysts, as observed in our and other cases, does not necessarily indicate the 
true blastomatous nature of the cyst Secondly, they may communicate with 
the main lumen but can readily be interpreted as the result rather than the 
origin of the cyst 

This interpretation in my opinion seems likely because our case as veil 
as other similaily treated cases have shovn an obliteration and complete 
cure following destruction of the inner epithelial lining If the tortuous bile 
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ducts deep in the thick fibrous wall of the cyst would truly be blastoniatous 
111 iiatuie, the majority of cysts would have shown recurrence 

It is for this reason that I believe that epithehal-lmed cysts, which fail to 
show active papillary growth, should be classified as haiiiai toniata rather than 
cystadenoniata ni the sense of tiue blastomata 

SUMMARY 

A solitary nonparasitic cyst of the hvei in a nine months old child is 
piesented Because of the impossibility of complete extirpation drainage and 
maisupiahzation was done The end-iesult is very satisfactoiy, a complete 
cure being anticipated Reasons aie piesented foi a classification of this liver 
C)st as hamaitoma rathei than cystadenoniatous blastoma 

Grateful acknowledgment ns made of the help of Dr Paul Kimmelstiel, of the 
Department of Pathology, Dr Allan Tuggle, of the Radiology Department, Dr Robert 
W McKay, of the Urological Department, and Dr E K AfcLean, of the Pediatric 
Department of tlie Charlotte Memorial Hospital, Charlotte, N C 
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STUDIES ON THE USE OF METALS IN SUEGERY* 

PART II 

EXPERIMENTS ON THE USE OF TICONIUM IN CRANIAL REPAIR 

Eldridge Campbell, M D , Arnold Meirowsky, M D , 

AND 

Victor Tompkins, M D 
Albaky, N Y 

FROM THE DFPARTMENT OF NEUROSURGERY MEDICAL COLLEGE UNION UNIVERSITY, AND ALBANY HOSPITAL, 
ALBANY, N V , AND FROM THE LABORATORY OF PATHOLOGY, PONDVILLE HOSPITAL, WRENTHAM, MASS 

In A PREVIOUS communication^ we have reported assays of cytotoxicity 
of certain metals in tissue cultures of chick embryo fibroblasts Our purpose 
in that study, and m the present one, has been to find an alloy that conforms 
to the requirements of bone surgery and, hence, for the repair of cranial 
defects 

As was pointed out in that paper, an ideal cranioplastic substance should 
be nontoxic, strong and, at the same time, light enough to keep the bulk 
of the appliance small In addition, it should be so malleable as to permit 
working and shaping during the operation This latter characteristic is an 
exceedingly important one m cranial repair because casting is both time-con- 
suming and expensive For a cast plate to fit perfectly it is necessary to secure 
an impression of the defect itself This is a cumbersome and often undesirable 
procedure to attempt at the time of operation Many times the bone flap 
serves as a poor pattern either because it is diseased or the use of the rongeur 
has changed the shape of the defect after its removal Estimation of the 
required plate by roentgenograms and measurement through the intact scalp 
is difficult Finally, a cast plate, if found not to fit well, cannot easily be 
altered at the operating table 

The casting alloy Vitallium has been thoroughly studied by Venable, 
Stuck, and Beach ^ It is light, strong and nontoxic It has been used 
for cranial repair by Geib,^ Peyton and Hall,® and by Beck Attention has 
been called to its lack of malleability as being undesirable Its use in bone 
work m general, however, has been so satisfactory that we have used it as 
a contiol substance in our experiments, despite the fact that it does not 
completely fulfill the peculiar requirements for cranial repair 

The wrought alloy Ticonium is light and strong and, in addition, malleable 
In the form of thin, perforated plates it can be cut with tin shears and molded 
by hand or with pliers The perforations permit the making of slots or 
wedges to allow for unusual shapes, and provide many choices for screw holes 

Our previous study showed that wrought Ticonium and Vitallium and 
cast Ticonium (with beryllium), were not toxic to chick fibroblasts in tissue 
culture The present paper reports results with these three alloys m repair 
of cranial defects m dogs Some observations on electrolysis have been added 

* Read at the Annual Meeting of the Harvey Cushing Society in New York, N Y , 
May 21, 1942 


763 




CAMPBELL, MEIROWSKY AND TOMPKINS 


Annals of Surgeo 
r<ovember 13 42 


OBSERVATIONS ON DOGS 

Method — Three diffeient alloys weie used Ticonium “wrought” (nickel 
362%, cobalt 296%, chromium 282%, molybdenum 6%), Vitalhum (co- 
balt 65%, chiomium 30%, molybdenum 5%, manganese, silicon), and 
Ticonium “cast” (nickel 35 6%, cobalt 29 1%, chiomium 277%, molybdenum 
6%, beryllium 16%) 

In Group I we used mateiial prepared with the wrought alloy Ticonium'*' 
only This material consisted of sheets cold-rolled, with 30 per cent cold 



Fig I — (Dog 52) — “Wrought” Ticonium Plate over the temporoparietal region 
Eleven months after operation, showing the absence of corrosion of the metal Muscle 
overlying the plate and growing through the perforations has been reflected 

reduction subsequent to the final anneal This seemed to be preferable for 
experimental purpose The plates had a thickness of o 17 cm (27-gauge 
U S Standard) The sheets had been punched at intervals of 04 cm 
with holes o 3 cm in diameter They were then polished, thus taking the 
punch marks out (Fig l) Prepared in this manner, the plates were easily 
cut and molded at operation 

The plates used m Groups II and III were cast in varying size and 
thickness, according to the shape of dogs’ skulls Each plate had three 
attachments for the screws In most of the plates, four to five holes were 
punched A few solid plates Avere used In Group II, machine made screws 
of Vitalhum, t and in Group III hand made sciews of Ticonium “cast,” 
Avere used 

The material made of Ticonium (“Avrought” and “cast”) was prepared by the 
Research Laboratories of the “Ticonium” Co , Albany, N Y 

t The Vitalhum plates and screws AA'cre furnished by the Austenal Laboratories, 
New York, N Y 
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TccJimc Health}’-, well-nourished mongrel dogs of various ages were selected The 
dogs were kept m sepaiate cages and well fed The animals were anesthetized by intia- 
pentoneal injection of nembutal (Abbott) (Max dose 07 cc of a 5 per cent solution 
per Kg body weight) The entire head or thigh was shaved and cleaned with a biush, 
soap, and water for a period of five imnutes Using strict aseptic technic, a unilateral 
U-shaped skin flap was turned down over the frontotemporopanetal region The “tem- 
poral” muscle was sharply dissected from the underlying bone The periosteum was 
scraped off, and, in the center of the denuded area of the bone, an opening was made by 
use of a trephine This opening was enlarged to an average size of 2 x 3 cm Through- 
out the procedure hemostasis was secured by use of the cautery The dura remained 
closed with the exception of those experiments calling for the inseition of metal pieces 
into the cortex In these instances a nick was made into the dura, the cortex was incised 
and a piece of metal about 02x03 cm was inserted vertically into the cerebrum 
In Group I a wrought Ticonium screen was used, having been previously autoclaved 
Fiom such a screen a plate was cut with tin shears to overlap the defect at all four 
margins by about 03 cm This plate was then molded by hand to the convexity of the 
skull, and in each instance very satisfactory plastic repair was obtained The plate was 
then fastened to the bone with 2-4 screws drilled into the bone to full length Closure 
was performed in layers with the exclusive use of interrupted sutures of fine black silk 
Skin closure was obtained with interrupted subcuticular sutures of the same material 
A bandage dressing was applied and secured by an encasement of plaster of pans around 
the head and neck The encasement remained in place for about five days 

Cast plates were used in the experiments of Group II and III These plates, after 
having been autoclaved, weie placed over the defect and fastened by screws drilled into 
the bone sui rounding the defect 

Operations upon the femur were performed under the same aseptic conditions A 
longitudinal incision was made o\er the lateral surface of the thigh The muscles were 
bluntly dissected and retracted The periosteum was removed, screw holes were drilled 
into the bone and the screws inserted Closure was done m layers as above 

During the first postoperative day, fluids 111 the form of normal saline solution were 
administered subcutaneously On the second postoperative day the dogs resumed their 
usual feeding Body temperature was determined during the first postoperative days, and 
the dogs were reexamined at regular intervals Roentgenograms were taken of a limited 
number of animals 

The dogs were sacrificed by intracardiac injection of ether or nembutal Autopsy 
was performed, and the tissue fixed in 4 per cent neutral formaldehyde solution Blocks 
were selected from the bone, and any grossly diseased viscera noted These were em- 
bedded in paraffin or celloidin, and sectioned Sections were studied with one or moi e of 
the following stains Hematoxylin and eosin, Mallory’s phosphotungstic acid hema- 
toxylin, Masson’s trichrome (Goldner’s modification) and Giemsa 

GROUP I TICONIUM “wROUGHT” 

Expeiimental Results — Twenty-one dogs were used for the experiments in this 
group The tissues were exposed m all to a total of 115 pieces of metal Fourteen plates, 
78 screws m the skull bone, 19 screws m the femur and four pieces of metal which were 
embedded into the cerebral cortex The dogs were observed from two days to 14 months , 
17 animals were observed for a period of longer than 10 months Fourteen dogs were 
sacrificed, and seven dogs died on account of secondary illness 

CASE REPORTS 

Dog 25 — Operation July 11, 1940 Plate secured with 2 screws 7th po day dog injuied 
flap by scratching, secondary subcutaneous infection Healed in 3 w'eeks Sacrificed August 6, 1941 
Macroscopic Scar at operative site not unusual Screws firmly embedded Plate well attached, 
enclosed in a fibrous bursa like sac Metal shiny No fluid Bone defect filled by firm fibrous tissue 
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to outer surface of which muscle is attached and grows through perforations in the plate Dura 
merges with this fibrous layer Underlying cortex normal 

Microscopic Plate bed composed of smooth layer of laminated, partially h>alinized fibrous tissue 
Rare macrophage jn looser connective tissue especially about blood vessels Some marginal new bone 
formation 

Dog 36 — Operation July 13, 1940 Plate secured with 4 screws Flap healed per pninam 
6th p o day semistuporous, drainage from eyes and nasal mucous membranes Slight motor weak 
ness of both hind legs “Distemper ” Died July 21, 1940 

Macroscopic Operative site healing well Small hematoma in superficial fascial layer Surface 
of muscle overlying plate grayish brown Small amount of cloudy reddish fluid immediately about 
plate Screws secure Plate firmly attached Metal bright and shiny Dura underlying plate intact 
but dark red Not adherent to cortex Right side of heart dilated Lungs edematous Left kidney 
hydronephrotic 

Microscopic Focal edema of lungs Chronic pyelonephritis Hyperemia of liver Cranial 
muscle focus of organizing fibrinous exudate and regenerating muscle Bone margin shows organizing 
fibrinous mat 

Dog 38 — Operation July 23, 1940 Metal inserted into cortex Plate secured with 4 screws 
Flap healed per primatn Sacrificed September 4, 1941 

Macroscopic Scar of operative site not unusual Screws firmly embedded Plate securely en 
closed in bursa like sac Metal bright and shiny No fluid Bone defect bridged by firm fibrous 
layer, merging with dura Cerebral cortex surface adherent to dura over an embedded piece of bright, 
shiny metal which is surrounded by a thin white capsule 

Microscopic Plate bed consists of laminated fibrous tissue At bone margin is considerable new 
bone almost bridging the gap Muscle fibers are oriented perpendicular to the plate bed No inflam 
mation or necrosis Rare macrophage about blood vessels of muscle 

Dog 40 — Operation July 25, 1940 Plate secured with 4 screws Following day Feyer, 

tachypnea, sputum (mixed bacteriae) Sulfapyndine Died after 30 hours 

Macroscopic Generalized adiposity Skin flap flat and soft Fascia sutured tightly Plate firmly 
secured by 4 tightly embedded screws Metal smooth and shiny Between plate and dura thin layer 
of clotted blood Dura smooth and not adherent Dilatation of right side of heart Large foci of 
consolidation in lungs Uterus contains 2 small fetuses 

Microscopic Obturation of bronchi by mucous and aspirated foreign material Massive atelec 
tasis Thin layer of erythrocytes and fibrin above dura Small fibrinous clot in screyv hole Muscle 
edematous, infiltrated yvith neutrophiles (Period of observation too short Findings in accord yvith 
yvound healing at this stage ) 

Dog 41 — Operation July 26, 1940 Three screyvs inserted into frontoparietal region Three 
screyvs inserted into femur Scalp flap healed per primam Loiver third of leg incision healed sec 
ondarily isth p o day Sacrificed September, 1941 

Macroscopic Operative sites shoyv usual scarring Screyvs firmly embedded Metal shiny 
Microscopic Skull screyy hole lined by thin fibrous membrane immediately beneath yvhich are 
rare macrophages containing pigment Loose fibrous tissue covers head Some laminated neiv bone 
beneath part of tract lining Femur screyv hole essentially similar 

Dog 42 — Operation July 27, 1940 Three screws inserted into frontoparietal bone Flap healed 
per primam 12th p o day Fever, tachypnea Died August 13, 1940 

Macroscopic Operative yvound yvell healed Screyvs firmly embedded, have penetrated inner 
table Metal shiny No fluid Dura quite vascular Underlying cortex negative Dilatation of right 
chambers of heart Massive consolidation of lungs 

Microscopic Necrotizing bronchopneumonia Screyv holes, thin fibrous tissue lining yyith a feyy 
lymphocytes in vicinity Bone undergoing remodelling 

Dog 43 — Operation July 30, 1940 Metal inserted into cortex Plate secured yyith 4 screyvs 
Flap healed per primam Sacrificed August, J941 

Macroscopic Scar of operative site not unusual Plate firmly embedded in bursa like sac 
Screyvs secure Metal smooth and shiny Muscle has groyvn through perforations in plate Firm 

fibrous tissue bridges the bony defect and merges yvith the dura No adhesions to brain Piece of 

bright metal securely embedded in cerebral cortex and invested by a thin yvhite capsule 

Microscopic Brain Metal enclosed in a sac, inner lining of yyhich is hyalinized collagen This 

is separated from brain by a thin, clear space containing a feyv* macrophages several of yvhich enclose 
black iron containing pigment The space is bounded externally by a poorly defined thin layer of 
disorderly gliosis Skull Screyy holes and plate bed shoyv usual fibrous tissue lining yyithout inflam 
mation or granulation tissue Rare pigmented macrophages in connective tissue especially about 
blood vessels 

Dog 44 — Operation July 31, 1940 Dura thickened and roughened Plate secured yyith 4 
screyy s Flap healed per primam For 4 yyeeks dog continued to do yvell Ebcact data as to further 
course not available September 12th, dog yvas found dead 

Macroscopic Animal emaciated, vomitus in mouth Scar of operative site not remarkable Plate 
firmly embedded in bursa like sac Metal smooth and shiny No fluid Bony defect filled by firm 
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ftbrous tissue Small piece of shiny metal attached to dura by few adhesions Cortical surface not 
adherent Cecal diverticulum adherent and acutely inflamed 

Microscopic Plate bed lining thin fibrous tissue layer No necrosis or inflammation 
Dog 45 Operation August 2, 1940 Plate secured ivith 3 screws Flap bealed without infec 
tion Dog did well until latter part of November Diarrhea, vomiting Died November 29, 1940 

Macioscopic Plate and screws shiny Plate embedded in bursa like sac Bone defect filled by 
fibrous tissue Underlying brain negative EntiVe sigmoid edematous, hyperemic and ulcerated 
No peritonitis 

Micioscopic Colon Acute colitis with mucosal ulceration Skull Plate bed thin fibrous layer 
in which IS some new bone formation partially bridging the defect 

Dog 46 — Operation August 2, 1940 Plate secured with 4 screws 3rd po day papilledema on 
the right Disappeared after one i\eek Skin flap healed po pi imam October 18, 1940, litter of 

eight puppies Low grade fever for 2 months, evidence of fatigue and exhaustion Impression “Low 

grade infection” Recoyered by January, 1941 Clinically, remained veil until sacrificed September 

23, 1941 

Macroscopic Skin and fascia at operative site appeared negative Muscle overlying tbe plate 

sbaggy, soft, necrotic Cystic space between muscle and metal contained 4 cc of yellowish red serous 

fluid The usual fibrous sac about metal incomplete Metal smooth and shiny Three or 4 screws 
loose Bone defect replaced bj' firm fibrous layer with a rough surface Underlying cortex not 
adherent, grossly negative 

Microscopic Brain Essentially negative Skull Plate bed composed of a thick layer of chron 
ically inflamed granulation tissue in the inner layer of which are many neulropnils and eosinophils, 
acidophile necrotic masses are present in places along the lining The bony defect is bridged by 
dense fibrous tissue containing foci of new bone formation In tbis fibrous bridge are a number of 
small compact aggregates of lymphocytes and pigment bearing macrophages Bacterial stains reveal no 
organism 

Dog 48 — Operation August 7, 1940 Plate secured by 4 screws Flap healed per primam 
20th po day drainage from eyes and nasal mucous membranes Moist rales, right lung Despite 
sulfapy ndine, progressive cachexia, loss of appetite, general weakness, fibrillary twitcbings of 
muscles “Distemper ” Died September 8, 1940 

Macroscopic Plate and screws firmly attached Shiny and smooth Underlying dura merges with 
fibrous tissue laver, filling bone defect Focal pneumonia consolidation of lungs 

Microscopic Lung Necrotizing pneumonia Skull Plate bed and screw hole lined by thin 
compact fibrous tissue layer Few pigmented macrophages 

Dog 51 — Operation August 6, 1940 Plate secured by 4 screws Post med screw not tight 
Post lat screw inserted obliquely Flap healed per primam 15th po day diarrhea, progressive 
cachexia No clinical pulmonary findings Died August 27, 1940 

Macroscopic Operative site insignificant Plate firmly embedded Screws secure except for 
post med screw which appears movable but in place Firm fibrous tissue! bridges the defect and 
merges with the dura Underlying cortex not unusual Diffuse purulent bronchitis, with sparing of 
lower lobe of left lung Diffuse pneumonitis 

Microscopic Skull Plate bed shows no sign of inflammation or necrosis 

Dog 52 — Opciation August 8, 1940 Plate secured with 4 screws Post lat screw inserted 
obliquely Flap healed per primam Sacrificed September, 1941 

Macroscopic Plate securely embedded in bursa like sac Screws firm Metal smooth and shiny 
Firm fibrous tissue bridges the defect in the bone and merges with the dura Underlying cortex not 
unusual 

Microscopic Fibrous plate bed No inflammation or necrosis 

Dog 55 — Operation August 14, 1940 Plate secured by 4 screws Flap healed per pi imam 
Sacrificed September, 1941 

Macroscopic Plate firmly embedded in bursa like sac Screws tight Metal smooth and shiny 
The bony defect is bridged by firm fibrous tissue which merges with the dura The underlying cor 
tex does not show any gross changes 

Microscopic Plate bed compact fibrous tissue with occasional macrophages in clefts and about 
blood vessels 

Dog 56 — Operation August 19, 1940 Four screw's inserted in parietooccipital region Three 
Screws inserted into femur Healed per primam Sacrificed September 25, 1941 

Macroscopic Operative site insignificant All 7 screws firmly embedded Metal shiny No fluid 
Microscopic Femur Screw tract lined by thin fibrous tissue Fine trabeculae of new bone 
aligned beneath part of tract lining In intervals where bone is deficient fibrous lining lies on fatty 
marrow Skull Screw holes lining shows no inflammation or necrosis 

Dog 57 — Operation August 23, 1940 Four screws inserted into frontoparietal region Four 
screws inserted into femur Healed per piimam Sacrificed September 24, 1941 

Macroscopic Operative scars grossly negative Eight screws firmly embedded Metal smooth 
and shiny 

Microscopic Screw tracts in both bones show no inflammation or necrosis Thin fibrous layer 
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Fig 2 — (Dog 57) — “Wrought” Ticonium Screw hole in 
skull Eleven months after operation (H and E, X170) 



Fig 3 — (Dog 56) — “Wrought ’ Ticonium Screw hole in 
femur Eleven months after operation (H and E , X14) 
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o^el held of scicws in >kiill niul i spin of new bone is present in thickened peiiosteuni of STine 
I egioii 

Dog 58 — Of’ciation August 22, 1940 Four sciews inseited into f rontopai letal legioii Three 
sciews iiisei ted. into femur Healed /'o pttmnn Sacrificed S( pteniber 1941 

Macioscopic Opention scais not lemaikable Screws firmly embedded Metal shina 
Micio^copic Screw tiacts lined h\ thin fibious layei with rare pigmented macrophages nearbi 
Dog 64 — OpLiafioii August aS, 1940 Plate secuied with 4 screws Post lat screw not 
inseited in full length Flap healed po ptimatn Sacrificed September 23, 1941 

Macioscopic Opeiatne sen not unusual Plate fiimlj enclosed in burs 1 like sac Sciews tight 
Metal smooth and shinj Pom defect filled bv fibtoiis lajer Dura not adhereait 



Fir 4 — (Dog 43)— “Wrought” Ticonium Brain showing the 
tissue immediatelj adjacent to the embedded piece of metal 
Eleien months after operation (PTAH, X170) 

Micioscopu Plate bed consists of usual 3 lajers of thin partly hjalinized collagen with rare 
pigment beaiing maciophages in clefts about blood \essels No inflammation or necrosis 

Dog 67 — Opoatwii August 20, 1940 Four screws inserted into frontoparietal region Three 

screws inserted into femui Healed pet piitnavi Siciificed September 24, 1941 

Maci oscopic Opciative scais not unusual Se\en screws firmly embedded Metal smooth and 
slum 

Mictoscopic Screw tiacts in both sites lined b\ thin fibious tissue lajei No inflammation 
Ao necrosis 

Dog 68 — Opciatioii August 20 1940 Dura aascular Dura opened Plate secuied with 3 
screws Flap healed pci pi imam Sacrificed Septeinbei 25, 1941 

Macioscopic Operative site not unusual Plate firmly embedded into usual bursa like sac Screws 
tight Dura merges with fibious ti'sue filling bone defect Underlying cortex negative 

JMicioscopic Plate bed smooth thin compact fibrous lajer with slight new bone formation in 
bony defect Rare pigmented macrophage 

Dog 70 — Opciatwii August 31, 1940 Four screws inserted into frontoparietal region Three 
screws inseited into femur Flap healed pci piimam Sacrificed Septemhei, 1941 

j\Iac} oscopic Operative scais not significant All screws firmlj imbedded, shin\ 

Mici oscopic Screw traets in both bones have thin fibrous linings resting on fa a marrow or 
spicules of newlj formed bone Some periosteal new bone also formed aiound scifiw point in skull 
w here it has passed through internal table 
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Comment All screws and plates in this senes nere securely fixed and 
showed no coriosion 

In the piesence of a wrought Ticonium plate, skull defects underwent 
uncomplicated lepair Two layers of parallel h3^alinized fibers were laid down 
continuous wuth the pericranium and dura, respective!}, the pericranial layer 
being somewhat thicker Between these two layeis was a third, the new 
fibers of which A^ere deposited parallel to the surface but at right angles 
to those of the other two The larger blood vessels coursed m this middle 
layer A limited amount of periosteal new bone was formed wdiich failed 
to fill the gap The bone margins underwent remodelling so that they 
w'^eie smooth and tapered in cross-section Small tufts of muscle filled the 
plate perfoiations Screw' holes were lined by a thin la}er of fibrous tissue 
with fibrils again paiallel to the metal surface This lining lay on a base 
composed of either new bone spicules or fatty inaiiow (Figs 2 and 3) 

The tissue about metal implants in the brain show'ed only a thin layer 
of fibious tissue beneath wdiicli w'Cre a few maciophages The brain sub- 
stance propel showed a narrow' zone of gliosis The vessels appealed nega- 
tive (Fig 4) 

A single exception to the otheiwise uniform lesults was found in Dog 46 
Necrosis and polymoi phonuclear cell exudate chaiacterized the tissue re- 
sponse This was unique m this group, which included 21 dogs and 115 
pieces of metal The reaction in this case could be differentiated, histo- 
logically, from the toxic 1 espouse seen m Group III We could not, however, 
differentiate between Dog 46 and one infected case in Group III The 
clinical history and the pathologic findings, as noted m the protocol, sug- 
gested infection 

In many cases, a dark brownish 01 black pigment containing iron was 
present in macrophages These weie found in clefts between the fibrous 
tissue of the skull defects just beneath the fibious lining of screw holes and 
in the muscle about the screw' heads The macrophages weie most numerous 
about blood vessels but could not be found immediately adjacent to the metal 
The amount of pigment was small, never constituting granulomata It ap- 
peared to be identical with the pigment seen about V italhum plates and screw s 

It may be concluded, therefore, that wrought Ticonium is essentially inert, 
as IS Vitalhum 


GROUP II VITALLIUM 

This alloj- was examined in seien dogs The tissues were exposed in all to a total 
of 34 pieces of metals , three plates and 31 screws The animals were observed from 
24 dajs to 15 months Five dogs were sacrificed, and t4\o died on account of secondarj 
illness 


CASE REPORTS 

Dogr 6 — Ot^ciatiou December i, 1939 Plate secured with 3 sciews Secondary subcutaneous 
infection in area about medial dap margin Healed c6th po da\ Saciificed September 3, 1949 

ilocroscopic Skin scar sound JIuscle tufts have groun through perforations in plate Screws 
tight Plate drm diet'll smooth, and shin} Dura thickened but not adherent to cortex 

'Microscopic Plate base consists of hyahnized fibrous tissue merging uith bone At the margin 
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of the two tissucb ue 1 few spicules of new bone nusuig from peiiostcuni \ er\ raie nncropbagc 
in fibrous tissue clefts contains iron pigment 

Dog 13 — Operation December 29, 1939 Plate secured with 3 screws Healed per priman 
Sacrificed Septembei 3, 1040 

Macioscopic Skin scar negatne Plate and screws tight Muscle has grown through plate 
perforations Metal smooth and shine Dura thickened beneath the defect but not adherent to cortex 
Mtcioscoptc Defect filled with bridge of heahmzed fibrous tissue merging with bone In clefts 
of fibrous tissue iron containing pigment m macrophages Muscle attached to plate bed appears 
negatne Some foreign body response to bone wax 

Dog 16 — Opaation February 15, 1940 Solid plate secured with 3 screws Posterior screw 

not tight Flap healed pa pinnam Sacrificed September 3, 1940 

Macroscopic Skin scar sound Screws fiim Plate shiny and well fixed Underhing dura 
thickened but not adherent to cortex 

Mtcioscoptc Defect bridged by laminated, partK hjalinizcd fibrous tissue Between a few fibers, 
especially near \essels, are occasionally pigment bearing macrophages Slight new bone formation 
Dog 30 — Opciation Tune 29, 1940 Six scicws inserted into frontoparietal region Due to 
injury, flap broke open Secondary subcutaneous purulent infection Healed 20th po dav Sacri 
ficed September 23, 1941 

Macioscopic Scar and musculature negatixe All 6 screws firmly embedded, smooth and shiny 
Mtcioscoptc Scitw tract lined by thin fibrous layer, with fibers parallel to screw surface This 
rests on spicules of new bone or on fatty marrow Considerable periosteal new bone at dural end of 
tract, where screw has exidently penetrated inner table pushing periosteum before it Few pigment 
laden macrophages in looser coniiectue tissue just beneath fibrous lining Same type of macrophages 
in connectixe tissue about head of sciew Here, they seem chiefly pernascular 

Dog 31 — Opaatwn June 30, 1940 Six screws inserted into frontoparietal region All screw 
holes somewhat too large Flap heialed pa primam 26th po day, drainage from eyes and nasal 
mucous membranes Slow and incomplete reco\er\ Two months later flaccid pat ah sis of both 

hind legs Epileptic seizures “Distemper” Died December 19, 1940 
Maaoscoptc Operative scar negatne Six screws firm 

Mtcioscoptc Screw tract lined with thin laminated fibrous tissue Occisional pigment laden 
macrophage in looser tissue immediately adjacent 

Dog 32 — Opaatwn July 6, 1940 Six screws inserted into fiontopaiietal tegioii Flap healed 
pa primam sth po day, drainage from exes and nasal mucous membranes, fever, dyspnea “Dis 
temper ’* Died August i, 1940 

Macioscopic Operative scat insignificant Muscle grossly negatne Six sciew s fiim and shiny 
All 6 screws have passed through the innei table xkppear as firm smooth nodules on dural sides 
Not adherent to cortex Right atrium and xentricle of heart dilated Lungs consolidated 

Microscopic Screw tract lined xxith thin fibrous tissue layer Coiisideiable peiiosteal new bene 
formed at dural end of tract Rare pigment bearing macrophage 

Dog 34 — Opciation July 10, 1940 Foiii sciews inserted into fiontopaiietal icgion Flap 

healed pa pi imam Sacrificed September 23, 1940 

Macroscopic Muscle and skin of opeiatne site negatne Foui sciews fiira Metal smooth and 
shiny Dura smooth 

Mtcioscoptc Slight ntxv bone formation between dura and innei tabic neu point of sciew No 
reaction in tract 

Comment — The onginal purpose of using Vitallium in these expeii- 
inents was chiefl}^ to supply a contiol senes These results are leported 
meiely to confirm the histologic studies of Venable, Stuck, and Beech-’" 
They are of paiticulai interest only m that a longer obseiwation and suivival 
period is coveied than yet recoided 

In brief, no evidence of toxicity vas found The sciews weie tight, 
the plates firmly fixed, and the metal shiny Ciaiiial defects healed noimally, 
and the tissues on which the plate rested showed no neciosis nor inflammation 
The screw holes were lined by a thin layer of fibious tissue overlying newly 
foimed trabeculae of bone oi fatty marroM (Fig 5) 

In every case an occasional pigment-beaiing maciophage m the vicinity 
of the metal was observed These cells weie located in spaces between col- 
lagen fibeis in the skull defects and about blood vessels In screw hole tracts 
they weie usually seen beneath the thin fibrous innei lining, and here, too, 

771 



C^-MPBELL, AIEIROWSK\ AE'D lO^IPKIA'S vnmis of ‘^mj.cn 

Nioombci 10-1) 

weie often clusteied about vessels The} ^^ere not noted immediateh 
adjacent to the metal This pigment contained non and it is piesiimed to be 
the same as that lepoited by Wise** about a Vitailium Smitli-Peteisen nail 
It IS woitln of note that this pigment occuiied in vei} small amoiuits. that 
it did not gne use to gianulomata and m oui opinion does not constitute 
a sign ot toxicin As vas noted above this pigment vas also found in 



1 IG 3 — (Dog 30) — Vitallium Screw hole in si nil 1 oui 
teen months oftei opention (H ond E X170) 

animals in \\hich Ticomum “\m ought’ was buiied Since both Vitallium 
and -(M ought Ticomum are nonfeiious alloys, the non cannot hare been 
deined trom these metals Our data do not permit us to assign its souice 
We aie inclined to agiee vith Wise that it is of hematogenous oiigm 

GROE’P III TICONIUM ‘ C \ST ’ WITH BERYLLIUAI 

This allo\ was tested in 14 animals The tissues were exposed to a total of 55 pieces 
of metals Nine plates, 35 screws in the skull bone, 10 sciews in the femur, and one piece 
of metal which -was embedded into the cerebral coitex The dogs were obser\ed from 
50 days to 22 months Eight animals wTre observed for a period longer than 10 months 
Ele3en dogs were sacrificed, three died on account of secondary illness 

CoiMMEXi — The findings in this gioup may be summarized without giv- 
ing the indnidual case lepoits of the 14 ammals obsened 

In dogs which weie killed before six months plates weie fiimly fixed 
sciews were tight and the metal was biight and shiny In dogs wdiich sui- 
Mved longei howerei sciews weie usually loose and the tissues about the 
plates weie discolored Occasional!} fluid was found about the metal 

Histologically the sciew holes and plate beds weie lined by chiomcally 
inflamed gianulation tissue containing many maciophages In the rucinitr 
of the sciew holes there was extensive fibiosis of the inaiiow and some 
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new bone toimation In geneial, the amount ot lymphocytic and macro- 
phagic exudate uas gieatei in long term experiments In one dog which 
suivived thiee months the plate bed consisted of dense fibrous tissue in 
which weie a few focal collections of lymphocytes and macrophages especial!}^ 
nunieious about the plate edge In anothei dog which survived 22 months, 
the lining of the space filled by the plate consisted of macrophages with then 
long axis pel pendiculai to the plate surface so that these formed a palisade- 
like layei The tissue beneath them w^as highly vasculaiized and gieat num- 
heis of swollen macrophages and lymphocytes w^eie enmeshed 111 a loose 
fibiillai netwoik There w^as a thick layei of fihious tissue, paid) Inalmized 
beneath the gianulations In the mteistices of this w'eie foci of hmphocytic 
mfiltiation Similai changes weie seen m the hi am wdiere a thick fihious 
capsule was surrounded by degeneiated hi am substance markedh infiltrated 
with lymphoc3Ues Peiivascular lyphocytic collais w^ere piesent at some dis- 
tance fiom the metal In spite of the extensive exudative reaction fihioplasia 
and osteoplasia w^eie not significantly impaiied In the skull peiiosteal new 
hone foimed neai the bony maigin of the defects In femuis the usual fine 
tiaheculae of the inaiiow w'eie leplaced. m the vicinity of the sciew^s In 
dense hone having well developed haveisian systems 

These observations aie at vaiiance with the lesults obtained in fihio- 
hlast cultuies Tw'O explanations suggest themselves The first is that the 
time duiiiig which a metal may he studied m any one geneiation of fihio- 
hlasts III vitin, is insufficient Against this explanation is the iinimpaned 
hhioplasia in the long term in vivo expeiiments The second is that a factoi 
ot selective ( ytoto iieify complicates the pictuie B} this it is meant that 
some metals may not he toxic to fihi oblasts although the) may he toxic to 
othei t}pes of cells 

Whateiei the explanation, Menegaux’s^ belief that fihi oblast cultuies 
lUe a Aahd medium foi testing all metals ma) be questioned 

OBSERVATIONS ON ELECTROLYSIS 

Venable. Stuck and cowoikcis-*’ ’’ ■* maintain that electiolysis is the con- 
ti oiling factoi ill osteosynthesis wuth metals, and that “metals which aie 
nonelectioh tic m body fluids cause no pathologic leaction m the tissue” 
I his has been a point of conti OA'^ei s) Murray, Maitin^'^ (Fiactuie Com- 
mittee of the American College of Suigeons, New^ Yoik, 1938) and Key^’- 
do not feel that electiolysis has an essential heaiing on the piohlem Bothe 
Beaton, and Davenpoit concluded that “electiolvsis is an accompaniment 
of unfavoiahle bone leaction rathei than the diiect cause of it 

Using Venable's’ method, we have checked the electiolytic actnity of the 
tw'O Ticonium alloys and compared them with that of Vitalhum and Vanad- 
ium Silvei and coppei weie used as anodes Ringers solution served as 
electrolyte A micro-ammetei with an internal lesistance of 50 ohms was used 
Full-scale deflection amounted to 120 micio-amps The lesults aie gnen 
in Table I 
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It IS of interest to note that the final leading tor Ticonium ‘wrought’ 
and Vitallinm apin oxi mates zero, while Ticonium ‘cast show's only a 
minimum cm rent ricomum “cast” did not piove to be toxic to fibroblast 
cultures but did give a local toxic response in dogs which was out of all 
propoition to the minimal galvanic curient produced 

It IS common knowdedge that pure copper is toxic by chemical action 
even though it cannot be accused of being electioljtic This may be taken 
to indicate that electiol}sis may be an accompanying factoi of unfaioiable 
bone reaction but it cannot be its only cause Key has presented good eii- 
dence as to its lack ot impoi tance clinically 


TAUcr I 

TLECTROLVllC DETFRMIX VTIOXS 

Immediate 

Cells in Ringei s Initial Deflection Drop in 

Deflection 
after t Minutes 

Deflection 
after 90 Minutes 

Solution in 

Micro amperes 

Micro amperes to 

in Micro amperes i 

in Micro amperes 

Ticonium wrought copper 

24 

3 

0 

0 

Ticonium wrought -silver 

24 


0 

0 

Vitalhum copper 

tv 

2'_* 

0 

0 

Vitallium silver 

tv 

2} 

0 

0 

Ticonium cast copper 

100 

24 

1 V 

0 

Ticonium cast -silvei 

100 

24 

13 

0 

Vanadium copper 

‘ off scale 

— 

— 

‘ off scale 

Vanadium silver 

off scale 

— 

— 

' off scale 

The data recorded in this table were compiled b> Mr L Griffith Chief Metallurgist Research Laboratoiies 

Ticonium Co Alhanv X \ 

Discussion — Om 

obseiv'ations 

as expressed 

in the present 

coininunica- 


tion, establish the meitness in tissues ot wi ought Ticonium and Vitalliuin 

Conti aiy to our pi ei ions conception the cast alloy Ticonium (containing 
beiyllium) proved to be toxic m vivo*- It did not, howevei, inteifere w'lth 
fibioplasia oi osteoplasia m any of the animals observed Theiefore, it seems 
unlikely that the shoit duiation of the tissue cultuie experiment is the explana- 
tion for the lack of ‘ fibroblast cytotoxicit)' ” The e\ idence is in faA or of a 
selectwe cytotOMCity of the toxic agent, aaIiicIi presumabh in this case is 
beryllium 

Oui experiments to date lead us to beliei e that fibi oblast cultui es and 
electiolytic measurements aie infeiioi to histologic studies as tests foi the 
toxicity of metals 

In the alloy Ticonium ‘Svrought” (zvitJioitf her} Ilium), it is believed 
that a material has been found which conforms to the lequirements set forth 
for the use of metals in the repair of cranial defects Accordingly, we 
have commenced to use this alloy as crainoplastic mateiial in patients and 
will report our obseiAations at a later date 

* Ticonium is made m several forms, “wrought” Ticonium for surgical purposes 
and a cast form wntli beryllium for dental restorations As employed in the dental allo} 
ber\ Ilium, w'e arc informed improves the casting qualities of Ticonium and assists the 
production of appliances of extreme dimensional accuraev It has been used success- 
fullv in dentistrv for some vears Surgical appliances are not made of cast Ticonium 
with berv Ilium Mliile this allov is toxic in vn'o no interence can be drawn from our 
experience and infoimation on its behavior in such external appliances as dental 
restorations 
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suAnr VRY 

1 The alloys Ticonium “wrought’* Vitallium, and Ticonium “cast,” haAe 
been studied tn vwo with special lefeience to then usage as ciamoplastic 
matei lal 

2 Ticonium “wi ought’ and Vitallium have been found ineit Ticonium 
“cast” (wnth beiylhum) has been found cytotoxic It is suggested that this 
toxicity is “selective ” 

3 Fibroblast cultuies and electiol3Tic measuiements have been found 
inferior to histologic studies as tests foi the toxicity of metals 

4 The impoitance of caiiymg out m vwo studies foi peiiods longer 
than SIX months is indicated by the late toxic reaction in the Ticonium “cast” 
matei lal 

5 The wrought allo} Ticonium appeals woithy of tiial as a ciamoplastic 
material in man 


The authors wush to expiess their appieciation to Drs B Williams and T Engster 
for their assistance, and to Mr E Touceda and AIi E Griffith for then advice m the 
metallurgic phases of the stud} 
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Herman E Pe\rse, AID 

RociiEsicn, N Y 

-ROM THF DEPARTMENT OE SURGERT THE UMVERSIT1 OF ROCHFSTFR SCHOOL OF MEDIFtNE AND DINTISIRA 

ROCHESTER NEU AORK N A 

How TO KEEP COMPRESSES HOP IS a pciennial question on an^ suigaal 
service Its answei interests the nurse, admmistiatoi and suigeon, foi piac- 
tical technic, hospital costs and effective therapy aie involved The contiol 
of tempei ature probably influences the late of healing ot any vound but is 
especially impoitant in lesions of an extiemit} haiing an impaiied cnculcition 
for heie uncontrolled heat ma}? cause harm 

Compresses aie usually keiDt at a highei temperature than the sui rounding 
an, so some external source of heat must be provided to counteiact the 
normal heat loss The five methods of supplying heat that have been used 
are (i) The repeated application of a hot solution oi fiequent changes ot 
hot dressings (2) A poultice (3) Hot watei bottles (4) An electiic 
heating pad (5) Radiant heat fiom a lamp The repeated application ot a 
hot solution 01 hot dressings is inefficient because of lapid cooling, attei 
which the compress becomes cold and clammy The preparation of a poultice 
is rapidly becoming a lost ait and, though those prepaied b) some oldei 
nuises appealed to do good, yet one hesitates to ordei them at piesent foi 
fear of the result Hot watei bottles aie safe and it covered with a lubbei 
sheet and blankets to prevent heat loss, aie effective Thev have the disad- 
vantages of causing pain in an infected w'ound fiom the weight ot the bulk\ 
dressing and of lequiiing excessive nursing time to keep them w'aim 
Electric pads would appeal to be satisfactoiy, but the usual ones cannot be 
relied upon to maintain a constant temperatuie so aie a souice of tiouble 
and wori} A satisfactoiy heating element can be manufactured at a mod- 
erate cost, but a good rheostat cannot be made foi the price obtained toi 
most electiic pads The use of an accuiate rheostat has been tried but it 
increased the cost be3^ond the salabdity of the pioduct and w^as discontinued 
Cooley- has described an excellent electiic heating unit designed foi com- 
presses It has an accurate, coiiti ollable iheostat but this very fact makes 
it expensive for the average institution to purchase the numbei lequiied 
for an active suigical service 

Lights 01 baking lamps have long been used in ti eatment and Dr Staftoi d 
WaiienT and I thought radiant heat fiom this source would be the cheapest 
safest and most effective means of heating compresses The only question 
to be settled w as how^ it could best be applied A bed cradle, with lights con- 
trolled b} a iheostat, wull maintain a fairly constant temperature but it 
IS awkward and bulky for routine use on coinpi esses The portable bakei 

* This stud\ received assistance from the Siever’s Fund 

T Doctor Warren first interested me m the use of radiant heat when I had an infected 
hand and could judge subjectneh’’ the effect of lanous compresses I am indebted to 
him toi adiice dning these obseriations 
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used ni pli} siotheiap} gives a concentiated heat to a limited aiea It 
has two dia\\ backs foi umestiicted use Fust, high initial cost, and. second, 
dangei fiom bums The ‘theiap)'’’ oi “baking” lamp is easy to legulatc 
cheap, and compact, so appealed to be the best means of supplying the ladiant 
heat to compi esses 

The constuiction of such lamps is fanly uniioim most ot them having 
an aluminum leflectoi \Mth either a tungsten bulb oi a sihcon-caibon heat- 
ing element They vary m design, and m then external frame toi theie 
are “fiooi” models, “table” models and “hand” oi biacket lamps None of 
these commercial types weie suited foi oui purpose The “flooi” model with 
a louncl base was unstable and would tip ovei, iihile that with a tiipod 
base was cumbersome to have at the bedside since the legs stuck out and 
the attendants tupped over them The “table” model has a veiy small base 
which made it so unstable that it was dangei ous If one of these hot lamps 
fell onto a patient it -would cause a severe bum, so that a iigid attachment 
ivas consideied obligatory, it being better than insurance 

Hand lamps -vMth a spun aluminum leflectoi and tungsten bulbs weie 
purchased for $248 each, and stripped of their handles A lod* tS" 
long, was ivelded to the ball and socket joint of the biacket and fastened by a 
laboratoiy clamp holdei to a )'8-iitch upiight lod, 36 inches long This 
upright rod was fastened to a specially machined biacket which clamped onto 
the frame of the bedspimg (Fig i) This biacket allowed adjustment 
of the lamp to any point from the head to the foot of the bed, while the 
laboiatoi) clamp connecting the veitical and hoiizontal rods gaie adjust- 
ment in lotation up and down, 01 across the bed, yet, once it was tightened 
m place the wdiole appaiatus w^as iigid and secuie, being fiee from the 
danger of falling on the patient This arrangement was cheap (total cost 
$750 pel unit), compact, and appealed satisfactoi y , but wdien it w’as put to 
use an unexpected difficulty arose fiom variation m bedspring constuiction 
It was found that 111 this hospital alone theie w^eie five diffeient kinds ot 
bed spiings' These w'eie of two geneial types, one wnth the angle-11 on of 
the flame turned up and the othei turned down, so, with mmoi adjustments 
tw^o tj'pes of the biacket could be made to seive (Fig 2) 

In an efioit to constiuct an attachment suitable foi all beds the idea 
of clamping the lamp to the spring was discaided in far 01 of attaching it to 
a lod which was clamped to the head and foot of the bed (Fig 3) The lamp 
assembl)' was mounted on a sleeve which slid on a piece of pipe-conduit 
attached to the ends of the bed Foi ease of attachment a hook was put on 
the head-end to hold it m place, while the sciew was tightened at the 
foot This appaiatus cost about $1000, when made in oui shop It was 
a little unwieldy to cany about the hospital but othei than this, has 
been satisfactoi} 

NURSING METHOD 

The loutine use of these lights foi compresses is as follow s 
(a) The bed is protected with a lubber sheet 
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Fig t — The compress light which ottaches to the bed (i) Shows one 
type of the iinchined clamp which attaches to the angle iron of the bed 
spring to hold the vertical 36" rod (2) Is the lamp which has the ball 
and socket joint of its original bracket welded to a horizontal rod j8" long 
(3) Shows the attachment of the horizontal rod to the vertical lod bj a 
laboratorv elamp holder, which gives vertical, horizontal, and rotarj motion 



Fig 2 — Construction details of the two tv pcs of clamps to fasten the vertical rod to the bed 

spring (a) Shows the clamp for use when the angle iron of the frame turns down Adjustment is 

provided for 1 ^" and ijd” angle iron The button or “anchor” at the bottom was found to add to 

the Etabilitj (b) Illustrates the clamp designed for a frame with the angle iron turned up The 

slot slips over the frame and is held with a setscrew Here, also, adjustment is provided for varia 
tioii in the size and thickness of the frame 


778 



\oliime 116 
Number 5 


^\ ARM MOIST COMPRESSES 



Fig 3 — Attichment of the lamp to a pipe which is clamped to the head and foot 
of the bed In the lower illustration (i) is a clamp tightened by a screw that threads 
on a nut inside the conduit This screw is iz" long to allow adjustment for beds that 
vary in length from 6 ' 6 " to 7'4" (2) Is a sleeve that slides along the pipe to the 
head or foot of the bed It carries a vertical rod 36" long, which has a slight out 
ward bend at its base to clear the mattress (3) Is a hook to catch on the cross bai 
of the head of the bed to hold this clamp while the other end is tightened It was 
originally made with two hooks, to be interchangeable on the two sides of the bed 
(4) Is a sleeve that fastens on the vertical rod and cariies the horizontal rod This 
raises, lowers, or rotates the lamp (5) Is a sleere which allows moaement in a 
horizontal plane 01 permits tilting the lamp 
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(b) The ^^ound is cliessed ^\lth h\o layeis of moist gauze co^eled 
with oiled silk 

(c) This dressing is coveied oi w lapped with a steiile towel 

(d) A bath theimometei is placed near the -wound 

(e) The light is centeied on the wmund and raised oi loweied until 
the thermometei leads iio° F 

(f) Unprotected skin neai the lamp may be coieied with a towel to 
prevent discomfoi t 

(g) Drafts iieai the lamp aie avoided 

(h) Compiesses aie moistened eA'eiy thiee houis 

The tempeiature beside the wound may be fiom 5° to 10° F lowei than 
that of the bath thermometei outside the compiess 

RESULTS 

After using these lamps foi a yeai, it has lieen obseived that when 
moist compiesses aie used the muses piefei the lamp because it takes 
less work, the patients like it because it is comfortable and tbe surgeon ordeis 
It because it is effective How^ever, these opinions aie paitmlly subjective 
so it was desired to obtain quantitative mfoimation on the tempeiatuie 
control and nursing time with the vaiious types of compiesses 

The temperature w^as obtained by means of an electiode sepaiated fiom 
the wound by one layer of gauze This electiode was attached to a con- 
tinuous tempeiature recording device loaned to me by Mi Bishop T}])ical 
giaphs are showm in Graph i, wdieie it wall be seen that only with the light 
IS a continuous elevation of tempeiatuie maintained This lias also been 
obseived by Cochran ^ The “massive compiess” consists of moist gauze 
coveied by oiled silk, waapped wath a Tuikish tow^el. which has seveial hot 
w^atei bottles outside it These aie covered with a lubber sheet, and the 
whole IS w lapped m a blanket wdnch is pinned tightly in place from the 
tip to the base of the limb With all this, the temperatuie is found to fall 
aftei about an hour (Giaph lA) Dressings wdnch are moistened periodic- 
ally wath a w^aim solution (Giaph iB) aie found to cool in 10 01 15 minutes 
to 100m temperature Compiesses warmed with a lamp fluctuated in tem- 
peiatuie only if the patient’s bed was in a draft 

Computation oi nursing time for the care of difteient compiesses gave 
mteiesting lesults The head nuises kept an accurate lecoid of the time 
consumed with the difteient piocedures The “massive compiesses ’ requned 
an aveiage of foui houis a day, per patient, or 28 hours a week The moist 
compresses, kept warm b}'- a lamp, lequired an aveiage of 40 minutes a 
day 01 4 66 houis a week, 01 a saving of 23 33 houis a week of nursing time 
per patient If nursing time is considered to cost an aA'^eiage of 60 cents pei 
houi, then the ‘massive compress” costs the hospital $1680 pei patient 
pel week for musing, while the compress and light cost $280 or a saving 
of $1400 pel patient week The added cost of the electric current used 
for the lamp about equalled the cost ot the added diessings used in the 
massne compiess” The amount sa\ed in nursing time in one week on 
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one patient was moie than the initial cost of the lamp so the administration 
of the hospital was veiy nillmg to buy all the lamps that weie needed 
This study bi ought up a question that was not satwfactoiily answeied — 
“What is the optimum tempeiatuie foi the healing of a wound ’ We know 
that the noimal vasodilatation le\el is betw^een 31“ and 33° C ' We also 


COMliNUOUS TEMPEBATURn BPADIAGS OR MOIST COMPRESSES 



(iBMH I — Continuous tcintiti ituie leidings on moist toinpiesses ( \) ‘Missive compi esses — 
\ursnig time, foui hours n dT> The tempenture is maintoined foi about an hom md then beRins 
to fall Thej aie changed e\er\ three houis (B) “Moist’ dressings without exterml souice of 
he it Moistened eveiy three hours Nursing time, 40 minutes i day The heat is ittaiiied foi oiih 
10 ot IS minutes (C) “Moist” diessings with light as souicc of heat Moistened c\civ thiec 
hours Niiising time, 40 niiinites a d iv A constant, effective temperatuie is maintained 

know that in peiipheial Aasculai disease this level is as low as 23° 01 24° L , 
and that ovei heating such an extiemity accumulates w^aste pioducts fiom 
local tissue metabolism wTich damages the tissue This demands exact con- 
tiol of the external temperatuie wath an impaiied circulation But wuth a 
noimal blood supply it is possible that the late of healing of wounds can be 
acceleiated by tempeiatuies m excess of the noimal vasodilatation le\el 
This should be detei mined, foi it is peitinent 


SUMMARY 

Waim, moist compi esses aie a satisfactoiy means of ti eating open, 
infected 01 gianulatmg w^ounds Foi this pin pose, a souice of external heat 
must be piovided A baking lamp was found to maintain a constant tempeia- 
ture, to eliminate the bulk and weight of a large dressing and to save musing 
time One yeai's expeiience has showm it to be safe and eftective 

Clamps to attach these lamps to the bed have been designd and aie 
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THE ANATOMIC \PPROACH TO PULMONARY RESECTIOA 
Edward M Kent, MD, and Bhivx Bl^de',, MD 

Sr Louis, Mo 


FROM THF DCP\RTMCNT OF SURGnR\ W ^SIIINGTOM UMVrRSn\ SCHOOI OF MFDICINE AND THF 
MEDICAL AND SURGICAL CHEST SnR\ ICE B\RNnS HOSPITAL ST LOUIS MISSOURI 

Individual ligation of the pulmonary vessels and careful suture of the 
bronchus m the perfoimance of complete unilateral pulmonary resection 
has received preference over other measures for seveial }ears This method 
was populaiized by Rienhoff,^ Crafoord,- MasoiU and others and the lesults 
have been so satisfactoi} that few will resoit to toiiiniquet con^-rol of the 

" Fig I A 



Fig I A — Dissected specimen show ing bronchial divisions of greatest surgical 
impoitance Note branch bronchus to superior divisions of the loner lobes (SDB) 


hilum or to mass ligation except m those instances in which individual 
dissection of the pulmonaiy veins, the pulmonary arteiy and the bronchus 
aie impossible oi unwise because of existing circumstances More recently, 
eftoits have been made to apply the principle of separate ligation and sutuie 
to partial pulmonai}’’ lesection by oui selves'*’ ^ and by Churchill®’* Here 
again, the piehminai}! results have been so iiromising that the technic vill, 
in oui opinion, lejilace all other methods save m those cases in which it 
cannot be emplored because of technical or othei leasons 
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Combined clinical experiences and investigatory obsei \ ations ha\ e } lelded 
ceitain facts of anatomic importance which ve consider worth making a 
part of the lecoid The comprehensive picture of the surgical anatomy 
of pulmonaiy resection may be assembled upon oui conception of the tracheo- 
bionchial tree In addition, the management of the bronchial stump aftei 
pulmonaiy lesection is so important that the anatomic chaiacteiistics of the 
bionchial tiee aie secondary to no othei considerations 

Fig I B 



Fig I B — Another specimen shoiving similar patte n of the bionchial t.cc ihis 
IS the configuiation usually encounteied 


Figuie I, A and B, are photographs of dissections of lung specimen^, 
made to demonstiate the suigical anatomy of the bionchial tiee An undei- 
standmg of these structures is impoitant, whether it is to be applied to 
total unilateial or to paitial pulmonaiy lesection The smnlaiity of the 
specimens is sti iking and chai actei istic It can be seen that the left main 
bionchus is so long that it offeis more than adequate pioportions foi ampu- 
tation and complete closuie of the stump except m those instances in which 
It IS necessary to divide the bronchus at the trachea On the right side, the 
mam bronchus is shorter, due to the point of origin of the uppei lobe bronchus 
Indeed, it is tiue that the uppei lobe bionchus sometimes arises at a much 
highei le^ el than showm in the illustiation, and. occasional!} even from the w'all 
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of the tiachea In geneial, howevei, the main bionchi aie entire!} adequate 
foi purposes of stiigical division and repan 

A study ot the secondaiy or lobai bionchi is next in oidei so that these 
obseivations may be applied to lobectomy peifoimed by the piinciple of in- 
dividual handling of the hilar structures As fai as the bronchi aie con- 
ceined it is obvious that both uppei lobes and the light middle lobe 
aftord stiuctuies of sufficient length to allo\\ amputation \\ith subsequent 
closuie ot the stump The lo\\ei lobes ho\\ever present a somewhat dif- 
feient inoblem especialh on the light side Fig i A and B, shows 

1 ir 2 A 



Fig 2 A — Injection mass cast of tracheobronchial tree, pulraomiv arteries and 
pulmonary reins (anteroposterior view) 


the relationships of the lowei lobe bronchi and it is imiiortant to study the 
secondai} bronchi which lead to the apices oi superior divisions of the low^er 
lobes These bronchi are highly impoitant for the} repiesent the primary 
subdivisions of the lower lobe bronchi and also because it is sometimes 
possible, as pointed out by Churchill and Belsey,® to lesect either the superior 
division of the lowei lobe alone or to remove the remainder of the low'er 
lobe w hile leaving the superior division of the low er lobe intact In perform- 
ing complete lowei lobe resection, the mam bronchus to the lower lobe must 
be transected above the point of origin of this branch bronchus to the apex 
of the lobe This is of particular importance on the right side because the 
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blanch bionchiis usually aiises at about the level of the middle lobe bionchus 
the foimei spimgmg fiom the posteiioi and the lattei from the aiiteiioi 
aspect ot the mam bionchial axis If the light lovei lobe is to be lesected 
the middle lobe bionchus must be pieseived and must not be obstiucted as 
a lesult of the lemoval of the lovei lobe It max. theiefoie be necessan to 
divide the bionchus to the apex of the lowei lobe sepaiateh beloie the main 
tiunk ot the lovei lobe bionchus at a point distal to the apical bianch bionchu‘> 
IS exposed 

The suigical impoitance ot the apices ot the lower lobes cannot be o\ei- 
estimated They haxe been aptly teimed “a lobe within a lobe’ because of 
die anatomic independence ot the stiuctuies Indeed, dm mg an extensive 
studx of mail} heait-lung specimens made at autopsy, the single outstanding 
anomah has been one instance of three disci ete lobes on the lett 

I'lG - B 



Tig - B — S^me fiom postero 'iiUerioi view 


The prepaiation of seveial mjection-mass specimens has aided in the 
establishment of the i elationships of the pulmonary aiteiies and veins to 
each other and to the bionchial tiee The lumens of these structures were 
filled with a synthetic lesiii of vaiied colois the tissues then being subjected 
to digestion by acids Figuie 2 A and B show the lesult of one such attempt 
The piincipal information to be gained is oiientation oi the components 
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to each other It can be seen that the pulmonaiy Aeins aie anterior and 
inferior to the pulmonary arteries, which in tuin aie anteiior to the right 
and left main bronchi Study of the actual preparations yields a third 
dimension concept of the orientation of the important secondary and tertiary 
subdivisions of each majoi structuie, but this cannot be demonstrated suc- 
cessfully m photographic illustrations Ho\\evei, the pulmonary veins aie 
well shovn m Figure 2 and the relationships of the superior and the infeiioi 
pulmonary veins, the branches from the right middle lobe, the branches fioin 
the lingula, and the apical blanches fiom the lowei lobes to the inferior pul- 
monaiy \eins are all cleaily depicted 


Fig 3 A 



Fig 3 A — Dissection of right lung loot, anterior aspect The relationship of the 
piilnionarj veins the right pulinonarv aitery and the right main bronchus are 
emphasized 


Figure 3, A illustiates the stiuctuies of the light pulmonary hilum as 
viewed from the anterior aspect The superioi pulmonary vein with its 
tributar} from the middle lobe is clearly demonstiated and the inferior 
pulmonary vein from the lover lobe can be seen vithout difficulty It is 
oui belief that pulmonaiy resection may be performed more safely if the 
A eins are disposed of first because the avenue ot entry for air or other 
embolic matter is thus closed The \eins he on the anterior surface of the 
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vein may be appioached with ccrtainU b} pin filing the antenoi suifate of the 
left inferior ptilmonan ligament 

The left ptilmonan arteri recjunes special consiclei atioii since in oiir 
opinion, this vessel and its blanches do not lend themsehes to induidual dis- 
section and ligation foi lobectoim as well as do the connterpaits on the 
right side Fust the left pnlmonai} artei} passes across the anteiior 
aspect of the left mam bionchns Theieaftei it difteis fiom the light ptil- 
monan arten in that it ascends OAei the left mam bronchus to enter the 
fissure hetw^een the tippei and lower lobes Figtiie 5 demonstrates this 
oiientation of the Aessel as seen tiom the antenoi aspect Also it can be 


Fig 6 A 



I'lG 6 A- — Dissection in the depths of tlie left great fisstiie n Inch revealed the 
arterial pattern most commonlv found on the left side The main trunk of the left 
pulmonar> arterv is shown (PA) is it courses downward and forward deep in the 
interlobar fissure There are two additional branches to the upper lobe (LL\ and 
LLA') and there aie two branches to the lowei lobe the superior division or apical 
branch (DLA) and the terminal division of the arterv (LLA) There is gross similantj 
to the pattern seen on the right side, the irterial division to the lingula (LLA') corre 
spends closelj to the middle lobe arterv seen on the right side While it mav be prefer 
able to ligate the lower lobe arterial divisions separatel}, the main trunk mav be ligated 
safelj because there is always adequate blood supply to the upper lobe from numerous 
branches originating at a highei lev el 

seen that the aitery immediate]} gives oft blanches to the upper lobe 
which become numeious and are shoit Figtiie 6, A . is a view' of the left 
pulmonary artery as it continues onward into the fissure between the 
uppei and low'ei lobes Here additional shoit branches to the upper 
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lobe can be seen The artery terminates in the louei lobe, but a majoi 
branch can be seen \\hic1i supplies the apex of the ]o^^eI lobe Just as in 
the case of the lelationships of the arteries to the light midclle lobe and 
the apex of the right lo\\ei lobe, the branch to the lingula aiises at about 
the same level as that to the apex of the left lowei lobe It should be 
pointed out, however, that the lingula is the recipient of a -very rich blood 
supply from adjacent areas of the left upper lobe and thus it would not 
sufter from the loss of the branch shown in the illustiation Figure 6, B . 


Fic 6 B 



Fig 6 B— A sinnhi dissection of nnother speciiiKn Here the iiattern is complicated 
by more numerous arternl branches to both the left upper and lower lobes (LL\ — 
accessory nrtenal branches to left upper lobe LLA = tcjminal trunk to lower lobe 
LLA' =: accessorj \essel to lower lobe) 

illustrates a similai mcw of a dissection of aiiothei specimen Heie the 

aiterial pattern is even moie complicated than in Figuie 6, A There aie 

more branches to both the upper and the lower lobes and these obseuatioiis 
are of great important m partial lobectomy by the anatomic approach 
They do not militate against successful application of the principle of in- 
dividual dissection, division and closuie of the strnctuies when tlie left 

low'er lobe is to be removed because, as has been pointed out, the sacrifice 

of one or more of the arterial branches to the upper lobe cannot be expected 
to compromise the pulmonaiy arterial cii dilation in the remaining left 
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uppei lobe We aie not at all ceitain howevei, that the anatomic approach 
can be applied with success to lesection of the left upper lobe There 
aie numerous branches fiom the mam left pulmonary aitei) -which aie 
short and ■\\hich may be difficult to expose It is conceivable that resection 
of the left uppei lobe by any technic might lesult m obstruction of the mam 
tiunk thereby compromising the pulmonai}'- circulation in the leinainiiig 
lovei lobe Since the pulmonaiy aiteiy lies in the fissure between the 
upper and low ei lobes, it is possible, foi example, that a mass ligatiu e about 
tbe stump of the left uppei lobe would include some pait ot the aiten 
thus obstructing the vessel 

The bronchial aitenes piovide the systemic ciiculatoi} pathways to the 
lungs Obseivations have led to the conclusion that the position ot these 
\essels IS subject to great vaiiation Fuitbeimore they aie lathei small 
and It IS to be questioned that the\ play an> real pait m maintaining viabilih 
ot the lungs In ani case these vessels have not contiibiited a pioblem dm mg 
the performance of pulmonaiy resection The bronchial aitenes are easih 
dealt with when encounteied Indeed we have been impiessed by tbe tact 
that these vessels aie not seen at all m many instances 

The state of the fissuies between the lobes of the lungs is an impouant 
consideiation While a truly complete fissure larel) exists in man it is 
often possible to extend an incomplete fissuie to a point which at least ap- 
jnoaches the lequned state A stud}’’ of facts about fissuies has yielded the 
mfoimation that the middle and upper lobes are ven’’ laiely separated by a 
cleft of any completeness Fuitheimore, the apical poitions of the low'^ei 
lobes aie usually contiguous with adjacent aieas of the uppei lobes Once the 
incomplete fissure has been developed betw'een clamps the satisfactoi}’’ siitui- 
mg of the divided surface of the lung has been something of a jiioblem To 
date, the use of the running lock-stitch has yielded the gieatest satisfaction 
because it gwes positive contiol of bleeding fiom the cut sin face and when 
tied tightly it does not diaw thiough to pucker the sutuied poition ot tissue 
The approach to the veins, aitenes and bionchi is an impoitant phase 
ot pulmonaiy resection b)’ this method The attack upon the veins can be 
made thiough the pleural reflection wdiich covers the anteiioi suiface of the 
pulmonaiy hilum An approach to the inferior pulmonary vein using the 
mferioi pulmonaiy ligament as a guide has been described. The leins fiom 
the middle lobe and from the lingula empty into the right and the left siiperioi 
pulmonary veins How^ever w^e have seen some instances in which the vein 
tiom the middle lobe has existed as an independent thud right pulmon- 
ary vein 

The approach to the mam pulmonai 3'^ aitenes can be made in several 
w’ays Perhaps the simplest one is made from the anterior aspect aftei 
the veins have been divided These great vessels are 111 leasonably close 
association with their coi responding mam bionchi and can usuall)’^ be found 
without great difficult}’^ The chief arterial tiunk to the light upper lobe can 
be exposed best fiom the anterior aspect much as is the mam trunk ot 
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the light pulmonai} aitery It is impoitant that both the mam tiunk and 
its blanch to the uppei lobe be identified when the lattei is to be ligated 
The aiteiial blanches to the left upper lobe aie nnmeions and can be 
found all the nay fiom the supeiioi aspect of the lobe loot to a point 
well down into the mteilobai fissuie The lowest bianch oi blanches to 
the upper lobe aie those supplying the lingulai division of the lobe The 
aiteiies to the left lower lobe aie found m the depths of the inteilobdi 
fissuie In some instances these vessels stand out piommentl}, while m 
otheis they aie completely obscuied by the fusion of adjacent lung tissues 
of the two lobes 

The aiteiies supphmg the light middle and lowei lobes aie best ap- 
pioached thiough the fissuie between the uppei and lowei lobes Ihe 
blanches to the middle lobe and to the supeiioi dnision ol the low^ei lobe 
commonl} aiise at about the same level and this point must he taken 
into consideiation 

Once the aiteiies and veins have been dealt with, thcie is little left sa\e 
the bronchus The caie with which a lepaii is made will appieciably in- 
fluence the lesults in any series of cases We aie not satisfied that the 
best method of accomplishing this closuie has been found, but its impoitance 
IS so gieat that impioved technics aie constantly being sought, both by 
expel imental means and clinical application The pulmonai y veins empty 
directl)' into the light auiicle of the heait and. wdien \eiy shoit, ma} lequne 
ligation of the individual tiibutanes lathei than the mam tiunk It is to 
be boine m mind that these structuies pass thiough the peiicaidial space 
and that it is quite possible to open the pencardium unless caie is exei- 
cised wdien the veins aie exposed 

Prefeience foi the individual ligation technic is based upon impioved 
clinical lesults The incidence of postopei ative pleuial mtection is i educed, 
the chaiactei of the infection is moie benign wdien it does occui The in- 
cidence of postopei ative bronchial fistula is definitely deci eased, and the 
postopei ative moibidity and moitahty aie favorably influenced ‘ These 
lesults are laigely the consequences of a gieatly impioved closuie of the 
bionchus and the ehmination of a mass of stiangulated, infected tissue at 
the stump It is conceivable that application of individual dissection and 
management of the stiuctures of the lobe loot, combined with the use of 
chemicals of the sulfonamide gioup in the pleuial cavity at opeiation. will 
one day make it possible to perfoim partial pulmonai y lesection with a 
low incidence of postopei ative pleuial infections 
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MEDIASTINAL GOITER 
Km us R Mvsox, MD 
Pjiii vui I nil P V 

I kOM Tin 1)1 1 vkrvi M or >;LKri RT rni pki sbmi ki\n hospitm piiii \nri ppi \ p\ 

In 1931, CattelP classified lesions aiising fiom aberiant th}roid tissue 
and mentioned one extremely raie intrathoi acic toim in mIiicIi theie was no 
connection between the tumoi and the mam body of the thyroid gland The 
case herewith repoited is an example of this gioup It should not be contused 
with the common mtiathoracic form of goitei wdnch develops thiough en- 
largement of nodules fiom the lowei poles of the th}ioid lobes that ha\e 
become enti apped m the supei 101 straits of the thoi acic cage so w ell described 
by Lahey - 

Several mediastinal tumoi s of th}ioid origin ha^e been repoited dm mg 
the past few years Haiimgton’ removed a tumor fiom just beneath the 
aortic arch wdnch w^as found to be adenocarcinoma of tliMOid oiigin 
Colloid goiter m mediastinal locations was lepoited b\ \on Habeiei witli 
successful lemoval following division of the steinum. while Roholom s’ case 
w^as diagnosed by aspiration biops} and treated b} 1 oentgenotherap} Ehason'’* 
and Bradshaw^ have mentioned successful suigical extnpations of tiue 
mediastinal goiteis 

Case Report — R J white, female age 19 w’as admitted to the Surgical Senae 
of the Presb3Tenan Hospital April 10, 1939 Hei previous history w'as of importance, for 
in No^embel 1935, she had been admitted to this same hospital at which time studies — 
not including roentgenographic iisuahration of the chest and neck — were made for 
tlwroid enlargement The essayist resected nontoxic nodular portions of each lowar 
thyroid pole A search repealed no nodules in the upper mediastinum 01 behind the 
tiachea The reco-ven^ was uneventful Histologic report of the tissue was that of 
fetal adenoma Seieral follow-up visits w^ere made on one of winch in 19^6 a loent- 
genologic stud}’- of the chest and neck was made To our discomfiture, a tumoi the size 
of a hen’s egg was disco\ered in the right posterior mediastinum opposite the bod\ ot the 
and thoracic vertebra Discussion of therapy with hei parents a\ ailed nothing 

Hei second admission to this hospital was caused by a se\ere bronchopneumonia, 
on Februari 8 1939 She made a good recovery, without complications Roentgenologic 
studies of the chest during this admission showed an increase m the size of the tumor 
It W’as reported as a smooth rounded tumor 111 the right posterior mediastinum extend- 
ing from the level of the bodies of the 2nd to 5th thoracic vertebrae (Fig i A. and B) 

After somewhat less than two months convalescence, she was readmitted to the 
hospital at the insistence of her family, who had been informed of the increase in size of 
the tumor, which, howev er had caused no sj inptoms Because of tlie patient s approach- 
ing marriage her parents not onlv listened to advice but readih acquiesced to surgical 
management of the lesion 

* Read before The Philadelphia Acadein.v ol Surgery Tcbruaiv 3, 1941 
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(A) (IJ) 

I iG I — (A) Alltel oposterioi loeiitgeiiocnni showing the e\tent of the tumor mass (B) Lateral 
loeiitgenogram showing tiie tiimoi mass ind its ichtion to the air filled trachea ind the esophagus 
(.nntaining barium miNtiire 



(A) (B) 

Fig a — (A) Photomicrograph showing tjpical acinar formation of a nontoxic nod 
ular goiter (B) Photomicrograph showing acinar areas containing colloid others con 
taming sheets of epithelial cells and, also, an excessive amount of fibrous tissue 
between the acini 
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Pertinent studies of blood chemistre, blood count, sciologe and unnal\‘^ls showed 
noiinal figures The basal metabolic rate was within normal range Vocal cords apiiroxi- 
mated noimally Baiium visualization of the esophagus levealed no compression while 
1 oentgenograms of the chest confirmed eailier findings and location of the tumoi Plnsi- 
cal examination revealed no chest signs, and a local palpation of the tlwroid area showed 
fieedom from recuiience m eithei lobe 

Opciaiwn — Apiil 15, 1939 Undei cyclopropane intratiacheal anesthesia, the medias- 
tinum w'as entered through a light posterioi incision A curving incision about one 
inch medial to the vertebial border of the scapula w^as made thiough skin subcutaneous 
tissue and muscle down to the ribs A section of the 5th nb was icmoeed close to the 
spine and its bed w^as caiefullj excised, wuthout piercing the pleuia The paiietal pleura 

r 

) 



Fig 3 — Follow up anteioposteiioi loentgeiiOfi un sliowini, 
aien previously occupied bv the tumoi 

was mobilized from this point upw'ards and dow'iiveaids and the 6th, 4th and ^rd iilis 
were rapidly sectioned Mobilization of the pleura w'as continued until the tumor was 
adecpiatelj'^ exposed It was smooth, rounded, and cystic 111 consistence , red-brow n in 
color and betw'een thi ee and foui inches in diameter It rested against the right anterior 
aspect of the bodies of the thoracic vertebrae fiom the low^er border of the and thoracic 
to the uppei border of the 6th thoracic The lung lulus w^as anterior and below Internal 
to the tumoi w'ere the trachea and esophagus In this latter organ an esophagoscope had 
liecn placed as a guide The great c esseis and brachial plexus w ere aboc e and anterior 
Theie w'as no palpable connection with the thyroid gland m the neck nor with an\ 
structure in the mediastinum, other than the tumor-bed The capsu’e of the tumor was 
incised and it was enucleated wnth ease The capsule was closed b\ interrupted catgut 
suture which conti oiled bleeding The tissue rcmo\ed was ccstic and nodular and of the 
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consistenc} of adenomatous thtioid tissue A cigarette diain was bi ought down to the 
tumor bed through an opening in the old collar incision This unusual placement was 
an error — though it was done to save the prospective bride a possible draining back- 
sinus The rib ends W'ere approximated with chromic catgut, and the incision closed in 
lajers, without drainage A transfusion of 500 cc of citrated blood w^as begun shortl3' 
befoie conclusion of the opeiation through a cannula which had been placed in a foot 
\ein before beginning the operation 

Immediate cone alescence W'as uneventful until the sth day, at wdiich time the 
catheter w'hich had been placed through the cigarette dram to the tumor-bed ceased to 
respond to suction On the loth daj (April 25) a septic temperature de\eloped, and 
roentgenogiams of the chest show'ed a fluid level, extrapleural in location Culture of 
this fluid showed heniohtic Staphvlococotis mucus, Sft cptococcus 7 ’t)tda)is and Bacillus 
ptofeus Reestablishment of diainage caused abatement of the fe\er Time w^as lost by 
improper use of chemotherapy (1 e, without proper drainage) so that a persistent, vari- 
able increase in temperature persisted On the 43rd daj the posterior incision was opened 
and thick lellow pus was evacuated, w’hich showed the prcMOuslv mentioned bacterial 
floia The septic temperature ceased and the wound healed rapidh Seventeen days 
latei, roentgenograms of the chest showed almost complete disappearance of mediastinal 
and letropleural densities The patient was discharged Tune 22, 1939 

Patlwlogu Rcpoit — Dr Philip Custer Tumoi mass seven centimeteis in diameter, 
weighing 105 grams, multilocular, thin capsule filled with cvstic areas each containing 
red-biown mateiial Microscopic examination revealed th^rOId tissue in n regular acinus 
tormations, except in one area wdiere there was fibrous tissue, and m a few other areas 
solid sheets of epithelial tissue lined the c}stic spaces It is not possililc to tell w'hether 
this is metaplasia, or that it is a mixed tumor made up almost exclusneK of thjroid 
tissue (Fig 2A and B) Pathologic Diagnosis Aberrant thjroid 

Polloiv-bp Visits The patient made several follow'-up visits Roentgenograms 
ot the chest, taken September i, 1939, showed thickened pleura and malposition of the 
tragments of the third nb (Fig 3) This deformitv was due to the poor selection of 
material to oppose the fragments The patient was married September 15, 1939 Her last 
toUow'-up MSit made in the spring of 1940 She had gained considerable weight and 
strength, and was w'ell 111 all respects 


SUMiMARY 

The successtul lemoval of a posteiior mediastinal, nontoxic noclulai goitei 
by extrapleuial mediastmotomy and complicated b} secondaiy extrapleuial 
hemol)'tic Stapliyloioccus am cut and St) cptococcus vu idans infection is 
recoi ded 

Acknowledgement is made to Di William Bates, Chief of Suigical Sen ice in the 
Presbjterian Hospital, for his aid and advice m this case 
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BOOK REVIEW 

The Surgery of Pancreatic Tumors By Alexander Brunschwig, D , St Lome, 
Mo C V Mosby Co 1942 

In these hectic days of global \\arfaie one must admire the courage and faith 
of the author, and of the publishei, of a monograph not related to any phase of our 
present emergency But m reviewing the compiehensne and authontatne ^olume 
by Dr Alexander Brunschwig on the “Surgeiy of Pancreatic Tumors,” we would 
emphasize the fact that the author has been studying the subject and contributing 
to it for many years The motive and purpose of the monograph is best presented 
in Brunschwig’s introduction ‘‘A medical treatise may be written to co\ei a laigc 
and well known field and thus ser\ e as a review, and for instructional progress , 
01 it may deal with controvei sial subjects and thus afford its authoi the opportunlt^ 
to state his own views, or it may deal with relatively few' facts in a newh developing 
field and serve to stimulate further work in this field It is in this lattei spirit that 
this treatise was written A summary of most of the recoided experiences in the 
surgery of all types of pancreatic tumois is attempted, with the hope that it might 
contribute in some small measure to the maintenance of interest m this branch of 
operative surgery, especially in regard to malignant growths ” 

The first chapter, reviewing the historj' of the experimental pathology and suigcn 
of the pancreas and the eaily attempts to deal wuth malignancy of the organ, shows a 
thorough study of the literature Especially interesting are the references to the 
early contributions of Brunnei and of Graaf This histoiical review is, in itself a 
unique contribution Chapters II, III and IV take up in detail the anatomy and 
physiology and the experimental surgery, respectively, and add ver> mateiiallj to 
the value of the book as a monogiaph on the pancreas, aside fiom the main theme 
of neoplasms of that organ 

The chapter on diagnosis of pancreatic lesions and diagnostic pioceduits is fol- 
lowed by one on preoperative and postoperative care Both of these aie comprehensne 
give all the newer advances, and do not repeat out-of-date and useless tests and methods 

Three chapters deal with pancreatic cysts, followed by one devoted to cj st- 
adenomata and cystadenocaremomata Lesions of the ampulla of V atei , w'lth a dis- 
cussion of differential diagnoses, aie considered at length 

The next seven chapters discuss the most recent advances in the surgeiv of the 
pancreas, five of these on caicinoma of the acinar and duct epithelium, follow'ed bv 
two chapteis on islet cell tumois These aie oiiginal comprehensive conti ibutions to 
new fields of surgery and in themselves could be given the title of the monograph 
These pages deal wuth new data in a newdy developing suigery and ser%e to stimulate 
further w'ork m this field They constitute a summary of most of the recoided 
and much of the unpublished experiences in the surgery of all types of pancreatic 
tumors 

From this brief review', it is obvious that Dr Brunschw'igs monograph is as much 
a treatise on the pancreas as on the tumois of the pancreas But the re\iew'ei 
would emphasize again the original contributions to the newer surgery of the tumors 
of the pancreas that Dr Brunschwig has made m this book 

Am I X O VTiiri'i i Af D 
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CARCINOMA OF THE BREAST^ 

I RESULTS OF TREATMENT 

C D Haagensen, M D , and A P Stout, M D 

New York, N Y 

FROM THE DEPARTMENT OF SURGERT OF THE PRESET TERIAN HOSPITAL AND THE 
LABORATORT OF SURGICAL PATHOLOGT COLUMBIA UNIVFRSITT, NEW TORE N T 

AjMONg most of those who deal with carcinoma of the breast today, theie 
has been a sobeimg leahzation that the high hopes of the cuiative value of 
ladiation that were held a decade oi more ago have not been fulfilled 
We face the fact that we must turn back to surgical removal of the disease, 
try to choose our cases foi ladical mastectomy with more exactitude, and 
peifoim the opeiation with moie skill In this task many factois of clinical 
and pathological judgment play a part, and oui piimary need is foi more 
and better data upon which to base oui decisions It is with this end m 
view that we piesent the data regaiding the treatment of carcinoma of the 
female bieast at the Presbyteiian Hospital m New Yoik over a 20-yeai 
peiiod, from 1915 to 1934, inclusive 

These data have several advantages The numbei of cases is fanly 
laige, totaling 1040 The unit lecoids of these cases have been kept with 
comparative completeness Most of them include clinical photographs Dr 
Hugh Auchmcloss, who has had a special interest m this gioup of cases, 
made careful desciiptions of the clinical findings, and sketches m man} cases 
The histologic study of the tissues removed lias been cained out wutli thoi- 
oughness Finally, the follow-up has been fairly complete 

The Method of Analysis In studying this material we have utilized 
a method which we believe is specially advantageous when a detailed analysis 
of a large number of cases has to be made, namely, the punch-card method 
We have been fortunate in having the advice and assistance of Miss Dorotliy 
Kuitz, Supervisoi of the Presbyterian Hospital Record Room, an authorit} 
on the use of the punch-caid method 111 medical problems 

A special summary sheet listing some 700 difleient items to whicli 
reference might be made w^as first drawn up, and mimeographed The 
data from the individual case histones w'ere then carefully transfeired to 
these summaiy sheets Wheie contradictoi } clinical findings were found 
recorded, as sometimes happened, they were studied critical!} and the 
tiuth determined as well as possible by checking the desciiptions against 
* Aided by the Leggett and Watters Fund for Cancer Research 

801 




HAAGENSEN AND STOUT 


Annals of Surgerj 
December 19 42 


the photographs, etc Cards were finally punched from the summary sheets, 
and these cards sorted in the tabulating machine to determine the correla- 
tions in which we were interested 

In this way it is not only possible to work out the correlations between 
any number of different factors with ease, but the findings can be checked 
and counterchecked in a way that is scarcely possible by hand sorting and 
arithmetic Our experience with the punch-card method leads us to recom- 
mend It strongly to all who wish to analyze extensive and complex 
medical data 

In this first communication we propose to present the basic facts about 
carcinoma of the female breast which the study has revealed They are 
recorded for what they are worth, without comparison with the findings 
of others, because the variables influencing statistics as they have been 
computed in the past are so numerous and so dependent upon human emotions 
that in regard to this subject comparisons are indeed odious The few com- 
ments which we have made express our own opinions, and not necessarily 
those of the other members of the staff of our institution In future studies 
we shall discuss certain phases of the subject in greater detail, such as 
the criteria governing our choice of treatment, the relationship of histo- 
pathology to prognosis, etc 

The Data — The records of all women with proved or presumed car- 
cinoma of the breast coming to the Presbyterian Hospital between the years 
1915 and 1934, inclusive, were included (Table I) 


Table I 


CARCINOMA OF THE FEMALE MAMMARY GLAND 


Presb'.lenan Hospital (1915 to 1934 inclusive) 
Total number of patients applying for treatment 

I — Patients examined in Out-Patient Department and turned away 
not made 

II — Patients accepted for study and detailed unit records made 
A — Previously treated elsewhere 
B — Primary cases 

1 — Private cases 

2 — ^Ward cases 


1040 

detailed unit records 

54 

986 

110 

873 

253 

626 


Pies'enhng t^ymptoms — There are some features of interest regarding the 
symptomatology which led these patients to seek medical aid Table II 
lists the presenting symptoms in the ward cases Private cases have not 
been included because their histones were often less complete than those 
of ward patients 

The fact that in 6 6 per cent of these patients an unsuspected carcinoma 
was discovered in the course of a routine physical examination, made when 
the patient came for symptoms elsewhere than in the breast, is striking 
proof of the value of careful and complete physical examination of every 
patient 

The infrequency of pain as the presenting symptom of breast carcinoma 
IS well known Only i 6 per cent of our patients sought medical aid because 
of pain 
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Table II 


PRESENTING SYMPTOMS IN PRIMARY MARD CASES 


Total number primary ward cases 
Manner of diagnosis not stated 

Came to hospital complaining of symptoms elsewhere than in breast 
covered during routine physical examination 
Came to hospital complaining of symptoms in breast 
Complained of tumor in breast 
Complained of other breast symptoms 
Erosion of nipple 
Pain in breast 
Retraction of nipple 
Enlargement of breast 
Discharge from nipple 
Itching or burning of nipple 
Redness of skin oVer breast 
Generalized hardness of breast 
Shrinkage of breast 


623 

14 or 2 2^c 

Breast carcinoma dis- 

41 or 6 (,% 
568 or 91 2‘ic 
536 
32 
13 
9 
8 
8 
6 
4 
3 
2 
1 


Disposition of Cases — The disposition of the 986 cases studied by us is 
shown in Table III 


Table III 

DISPOSITION or CASES 


I — Patients previously treated elsewhere 1 10 

A — No further treatment by surgery or radiation 60 

B — Further treatment by radiation 35 

C — Further treatment by surgery 15 

1 — Palliative limited operation 3 

2 — Radical mastectomy 1 2 

II — Primary cases 876 

A — Not treated by surgery or radiation 119 

B — Treated by radiation only 7 1 

C — Treated principally or exclusively by surgery 686 

1 — Palliative limited operation 46 

2 — Radical mastectomy 640 


It is upon this group of primary cases that we will focus our attention 
The patients who had received treatment elsewhere before coming to the 
Presbyterian Hospital do not merit further discussion, for, m most instances, 
we have no exact description of the kind of treatment they had Moreovei , 
the number in which it seemed wise to do anything further was so small 
that the end-results in the gioup have no statistical significance 

Operability — It is customary to refer to the propoition of cases in which 
radical mastectomy is performed as the operability rate This may be cal- 
culated in either of two ways, as follow^s (i) Relative opei ability (the 
number of cases m which radical operation was done divided by the number 
of primary cases accepted in the clinic, or 640 divided by 876) 73 
(2) Absolute operability (the number of cases in which radical operation 
was done divided by the total number of cases of all types seen in the 
clinic, or 640 divided by 1040) 61 5^ 

The latter figure is distorted to some extent by the fact that it contains 
a number of the patients w'ho shop around fiom one hospital to another when 
their disease recuis and becomes incurable Yet, it has the advantage of 
including all of the hopelessly advanced cases who are turned away without 
a detailed examination, and for this reason more closely approximates the 
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tiue limitations of suigery in the disease Expressed on this so-called 
absolute basis our operability rate is seen to be low 

Theie was a total of 236 piimary cases in our series in M'hich radical 
opeiation was not done The leasons for this are detailed in Table IV 

Table IV 

CLASSIFICATION OF PRIMART CASES Not TREATED B\ RADICAL MASTECTOMY 


I — Constitutionally inoperable 28 

(13 of these also inoperable because of ettent of carcinoma) 

II — Inoperable because of extent of carcinoma I 33 

III — Refused radical mastectomy 59 

IV — Died of intercurrent disease before radical operation could be earned out 1 

V — Referred elsewhere because of lack of accommodations 3 

VI — Failed to return to Clinic 2 

VII — Carcinoma mistaken for a benign lesion and radical mastectomy not done 10 

Total 236 


The question of the criteria of operability for breast carcinoma is such 
a complex one that we shall not discuss it further here, but will make it 
the subject of a sepaiate paper 

Follozv-Up — The couise of the disease m these patients was followed in 
the Out-Patient Depaitment by the vaiious attending surgeons who were 
responsible for their caie A carefully planned follow-up system has long 
been a feature of the organization of the Department of Surgery of the 
Presbyterian Hospital, and all patients with malignant tumors who are 
accepted for treatment aie followed for the remainder of their lives With 
ward patients this system has proved very satisfactory — 417 of the total 422 
ward patients with prmiai)'^ breast caicinoma tieated by radical mastectomy 
were followed until they died, 01 for a minimal period of five years after 
opeiation This follow-up peicentage of 988 per cent is, we believe, a good 
record for work done m a large city such as New York, where the poor 
change their residence fiequently 

With private patients the initiative for the follow-up is left to the attending 
surgeon, and it is an unfortunate fact that they have not done very well 
111 the mattei Only 182, or 83 5 pei cent, of the total of 218 private 
patients with piimary bieast carcinoma tieated by ladical mastectomy were 
followed until death 01 foi a minimal period of five years It should be 
stated that most of these failuies in the follow-up occurred some years 
ago, in the practice of suigeons now retiied from the hospital staff 

Of the whole group of 640 primary cases tieated by radical mastectom)^ 
including both private and ward patients, 599, or 93 6 pei cent, were fol- 
lowed until death, or foi the minimal five-year period 

Results oj Radical Mastectomy — ^\Ve have tried to make our presentation 
of the results of radical mastectomy in this series of cases as complete as 
possible Throughout all of the tables in which the correlations of lesults 
with a variety of different factors aie considered, we have presented the 
local recurience rate in the field of operation as veil as the clinical cure 
rate Both of these computations have been made on the basis of five-year 
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results When local lecurrence, metastasis, oi death occuiied latei than 
five years after opeiation, as has been the case in a small percentage of 
patients, we have, nevertheless, counted these cases as five-jeai clinical 
cures We have also presented the five-yeai suivival rate following ladical 
mastectomy This group includes not only the patients who are still well 
but those who survive with knowm carcinoma at the end of five years 

We have chosen the teim ‘‘five-ycai clmual cioc” to designate the giou]i 
of patients who did not develop any fuithei evidence of cancel during the 
five-yeai peiiod following tieatment, because it desciibes this gioup nioie 
accurately than any other w^ord oi phiase The phiase “five-yeai cuie late" 
has become common pai lance among those wdio present cancel statistics, 
because it is shorter and gi ammatically^ moie adaptable than the phiase 
“percentage of patients w^ell at the end of five years ’’ None of these phiases 
imply, of course, that permanent cuies have been obtained We have added 
the adjective “clinical” to the phiase “five-y'eai cuie” merelj^ to indicate 
our awaieness of this fact 

Table V shows the results in the total senes of waid and piivate cases 
treated by radical mastectomy 

Tabcf V 

nVE-CEAR RESUrxS or RADICAI MASTECTOM\ IV PRIM^R\ CASES 

I — Number of radical mastectomies 
II — Operative deaths 
[II — Lost track of before S years 

IV — Died of unknown cause before 5 years 

V — Died of intercurrent disease before 5 years, without evidence of recurrence of carcinoim 

VI — Died of breast carcinoma before S years 

VII — Alive, with recurrence S years after oper tion 
t^III — Alive vnthout recurrence 5 years after operation 

THESE RESUITS MAY BE EXPRESSED IX TERMS OP RELVTIVE AND ADSOI UTI 
CURF AND SURVIVAI RATES AS EOLLOUS 

Relative l-vear clinical cure rate (S-year clinical cure' — number radical mastectomies or 

231 - 640) = 16 n-o 

Absolute S-year clinical cure rate (5-> ear clinical cures — total number patients seen or 231 — 

1040 -= 22 2% 

Relative S-yea' survival rate (S-year survivals — number radical mastectomies or 264 — 

640) = 41 3<i 

Absolute S-year survival rate (S-year survivals — total numbei patients seen or 264 — 1040) = 2S 3% 

The frequency and distribution of local lecunence and metastasis m the 
primary cases treated by ladical mastectomy is showm m Table VI 

We know that if oui infoimation were complete legaiding the clinical 
findings at deatli in all of the patients w'ho succumbed, the fiequency of both 
local recurrence and metastases w^ould be found to be higlier than oui figui es 
indicate An efifoit w'^as, indeed, made to follow' all of oui patients to the 
end, but in a consideiable number this was impossible either because 
death occurred in a distant place, oi because the patient was bedridden 
at home for a long time before she died, oi because death took place in a 
nursing home or hospital that could not provide us with complete clinical data 
Surgeons will do w'ell to bear in mind the fact that the incidence of local 
lecuirence in the field of operation continues to be disti essingly high At 
the end of five y^ears after operation it was 22 8 per cent in this series The 
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Tabie VI 

FREQUENCY AND DISTRIBUTION OF LOCAL RECURRENCES AND METASTASES 
WITHIN FIVF YEARS FOLLOWING RADICAL MASTECTOMY IN PRIMARY CASES 

I — Total number of radical mastectomies 

II — Number known to develop local recurrence within S years after operation 
A — In the operative field on the chest wall 
B — In the homolateral atilla 

III — ^Number known to develop metastases within 5 years after operation 
A — Ip lung or pleura 
B — In bone 

C — In supraclavicular regions 
D — In liver or peritoneum 
E — In opposite breast 
F — In contralateral avilla 
G — In regional skin or as ett cutrasse 
H — Distant skin metastases 
I — In other sites 


640 

146 or 22 8% 
130 or 20 3% 
42 or 6 6% 
316 or 49 4% 
138 or 21 6% 
114 or 17 8% 
89 or 13 9% 
63 or 9 8% 

38 or 9 1% 
49 or 7 7% 
31 or 4 8% 
21 or 3 3% 

39 or 6 1% 


obvious conclusion is that cases must be selected more carefully and the 
operation must be performed more thoroughly 

Types of Radical Maslectoiny — The 640 radical mastectomies in this 
series were performed by, or under the direction of, 36 different attending 
surgeons This fact makes it difficult to classify the different types of opera- 
tions that were undertaken, particularly since there was no general agree- 
ment among this group as to which type of operation is best We have, 
nevertheless, divided the operations that were done into five groups, as 
follows 


I — Mastectomy and Axillary Diss'ecTTon 'The breast was removed first, 
not including the pectoral muscles A limited axillary dissection was then 
done This type of procedure was done only a few times, and usually in 
those cases where the patient’s general condition was poor 

II — Limited Radical Mastectomy The breast, pectorahs major, and 
axillary contents were removed in one piece, but the pectorahs minor was 
not removed 

III — Radical Mastectomy — Breast and AMllaiy Contents Removed Sep- 
arately In this operation the breast and pectoral muscles were removed 
first, and then the axillary contents dissected out sepal ately This was the 
method preferred by the late Dr George E Brewer, and one or two surgeons 
have continued to use it in the Presbyterian Hospital 

IV — Radical Mastectomy — Skin Flaps Approvimated Without Grafting 
This IS the usual type of radical operation, both pectoral muscles being 
included and the tissues removed in one piece The amount of skin removed 
was limited, however, by the necessity of bringing the flaps together 

V — Radical Mastectomy — W onnd Grafted This was a more radical 
procedure, particularly as regards the removal of skin and subcutaneous tissue 
on the chest wall Either pinch or Thiersch grafts were used to cover 
the defect 

Unfortunately this series fails to provide any significant information regard- 
ing the superiority of the classical Halsted technic for radical mastectomy 
Only one of the ten operators who performed more than 25 of the operations 
in this series carried out the classical Halsted procedure, with wide removal 
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of skin and subcutaneous tissue and immediate Thiersch grafting of the 
defect This operator had a total of onl}’- 32 cases and his results are, 
therefore AMthout statistical significance 

The results in the fiA e different types of operations that a\ e ha^-e described 
are shoA\n in Table VII 

T^ble VII 

RESULTS OF DIFFERENT TIiPES OF RADICAL MASTECTOM\ IN PRIMART CASES 



T\pe of Operation 

Xo of 

Cases 

OperatiA e 
Deaths 

Xo Per Cent 

S-Year Local 
Recurrence 

Xo Per Cent 

5-Year Clinical 
Cures 

X’o Per Cent 

I 

Mastectom\ and aMlIar> dissect 

11 

0 

— 

7 

63 6% 

2 

18 2% 

II 

Limited radical — pect minor not 
remo\ ed 

S 

0 


2 

25 0% 

3 

37 5% 

in 

Radical — breast and axillari con- 
tents remo\ ed separateh 

53 

1 

1 9% 

12 

32 6% 

21 

39 6% 

IV 

Radical — skin flaps approximated 
AMthout grafting 

401 

14 

3 5% 

88 

21 9% 

140 

34 9% 

V 

Radical — wound grafted 

167 

5 

3 0% 

37 

22 2% 

65 

38 9% 


Totals 

640 

20 

or 3 1% 

146 

or 22 8% 

231 or36 1% 


There is surprising!}" little difference in the local recurrence and clinical 
cure rates for the tvo different t}pes of operation represented b} enough cases 
to be of some significance, that is T}pes IV and V We would warn the 
reader, however, against drawing an} conclusions regarding operative methods 
from this evidence for we behe\e that the technics of the many different 
surgeons who performed these operations varied so widely, e\en within the 
limits of the classification that we have made, that the eAidence is of but 
little value 

A different kind of evidence regarding operative technic, and a kind 
which probabh does haAe some real value is that which concerns the length 
of time required for the operation This is shown in Table VIII 

Table \ III 


RESULTS OF RADIC\L MASTECTOMT IN PRIM \R1 CASES ACCORDING TO LENGTH OF OPERATIONS 



Length of Operation 
m Minutes 

Xo of 
Cases 

OperatiA e 
Deaths 

Xo Per Cent 

5-A'’e' r Local 
Recurrence 

Xo Per Cent 

5- Year Chmcal 
Cures 

Xo Per Cent 

I 

1 to 59 mins 

56 

1 

I 8% 

13 

23 2% 

16 

28 6% 

11 

60 to 119 min' 

255 

7 

2 7% 

51 

20 0% 

90 

35 3% 

III 

120 to 179 mins 

239 

11 

4 6% 

58 

24 3% 

82 

34 3% 

IV 

180 to 239 mins 

71 

0 

— 

21 

29 67o 

31 

43 7% 

A" 

240 or more mins 

16 

1 

6 3% 

2 

12 5% 

9 

56 3% 


Time not stated 

3 

0 

— 

1 

— 

3 

— 


Totals 

640 

20 

or 3 1% 

146 

or 22 8% 

231 

or36 1% 


We must point out that the number of cases included in Group V, m 
which the operation lasted 240 minutes, or more, is so small that the dif- 
ferences m local recurrence and clinical cure rates betA\een this group and 
other groups are not statistical!} significant The difference in clinical cure 
rates between Group III and Group IV, howcAer, is possibly indicatiA’'e of 
true improA"ement in operatiA^e technic 

The operatiA"e mortaht} in these data, sIioaas a slight increase as the 
duration of the procedure is prolonged beyond tAAO hours This again, hoAA*- 
eA"er, is a factor aaIucIi depends more upon the techmc of the indn^idual 
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operatoi than upon the actual length of the operation The operative moi- 
tahty of 3 I per cent which occurred in this senes of cases as a whole, 
between 1915 and 1934, is certainly somewhat higher than we need anticipate 
with present-day surgical technic If propei care is taken to avoid operative 
shock by gentle handling of the tissues, the use of shaip dissection rather than 
scraping, tearing, and ripping apart of the tissues, and avoidance of dehy- 
diation of the tissues by keeping them covered with moist towels and com- 
presses, we know that four or five hours can be devoted to the performance 
of this operation without raising the opeiative mortality above one per cent 
It is our personal belief that this length of time is, indeed, needed to cany 
out the extensive and meticulous dissection lequired in the Halsted type of 
ladical mastectomy 

As evidence that the surgical staff of the Presbyteiian Hospital, as a 
whole, IS coming around to the point of view that the moie meticulous type 
of radical mastectomy is worth doing. Table IX, showing the length of radical 
mastectomy according to five-year periods, is presented 


Tablc IX 


lENGTH OF RADICAL 

MASTrCTOM\ 

IN PRIMARY 

CASES ACCORDING 

TO FIVE YE\R 

PERIODS 


No 

of Cases 

No of Cases 

No of Cases 

No of Case 
* 1930 - 1934s 

Length of Operation 

1915 - 1919 

1920 - 1924 

1925 - 1929 

0 - 59 nuns 


28 

15 

11 

2 

60 - 119 mins 


65 

52 

81 

57 

120 - 179 mms 


32 

58 

60 

89 

180 - 239 mms 


2 

2 

6 

61 

240 or more mins 


0 

0 

1 

15 

Time not stated 


1 

0 

1 

1 

Totals 


128 

127 

160 

223 


Duiing the most recent five-year period, in which the length of time 
devoted to the operation has been increased, the clinical cure late has 
shown a definite and rather striking use, as indicated in Table X 


Tvble X 

RESULTS OF RADICAL MASrECTOMT IN PRIMA-Y CASES ACCORDING TO FIVE YE VR PERIODS 


No of 

Five-Year Periods Operations 

1—1915-1919 128 

11— 1920 1924 127 

III — 1925 1929 160 

IV— 1910-1934 225 

Totals 640 


Operative 5-year Local 5 Year Clinica 

Deaths Recurrence Cures 


No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

3 

2 3% 

32 

25 0% 

34 

26 6% 

7 

5 5% 

24 

18 9% 

37 

29 1% 

8 

5 0% 

42 

26 3% 

53 

33 1% 

2 

0 9% 

48 

21 3% 

107 

47 6% 

20 

or 3 1% 

146 or22 8% 

231 

or36 1% 


It cannot be assumed that the steady improvement in the clinical cuie 
rate over this 20-year period is entirely due to the fact that as time has 
gone by the operative attack has been progressively more thoiougb The 
more careful selection of cases during recent years certainly has also 
played a part in this improvement in results In a separate papei devoted 
to the question of operability we will discuss this mattei of the selection 
of cases in detail 

Bjopsy — The question of the harmfulness of biopsy in bieast caicmoma 
lias been long debated At the Presbyterian Hospital it has been the custom 
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to do biopsies in all cases where a sure diagnosis cannot be made fiom the 
clinical findings This has included about one-third of the cases Table XI 
shows the lelationship of biopsy to results 

Table XI 


THE INELULNCL OE BIOPS\ ON THL RESULTS OE RVDICAL M\STECTOMy IN PRIMARY CASES 




S-Year Local 

S-Year Clinical 


No of 

Recurrence 


Cures 

Procedure 

Operations 

No 

Per Cent 

No 

Per Cent 

No biopsy done 

401 

102 

25 4% 

112 

27 9% 

Biopsy, 6 days or less preoperative 

5 

1 

20 0% 

3 

60 0% 

7 to 12 dais preoperative 

7 

2 

28 6% 

3 

42 9% 

13 days or more preoperative 

7 

2 

28 6 % 

3 

42 9 % 

Biopsy at operation 

220 

39 

17 7% 

110 

SO 0% 

Totals 

640 

146 

or 22 8% 

231, 

or 36 1% 


From these data it is haidlj'^ fan to diaw any conclusion, because biopsy 
IS more often done in the eail}'’ than in the advanced cases, and the prognosis 
IS, of couise, bettei m this eaily gioup of cases In older to exclude this 
disturbing factoi we have piepaied Table XII, which includes only those 
cases 111 which the piimaiy tumoi measuied moie than two centimeteis 
111 diameter (pathologic measuiemeiits) and yet was opeiable according 
to the ciiteria which today we lely upon Thus, the eailiest, as well as 
the most advanced cases, have been excluded 


Tabie XU 


THE INELUENCE OE BIOFSI ON THE RESULTS OF RADICAL MASTECTOMT IN PRIMARY CASES 
IN WHICH THE TUMOR ME YSURED MORE THAN TWO CENTIMETERS (PYTHOLOGIC MEASURE- 
MENTS) AND WAS OPERABLE ACCORDING TO HAAGENSEN-STOUT CRITERIA 


Procedure 

No biopsy 

Biopsy some days before opcrTtion 
Biopsy at operation 
Totals 


5-Year Local S-Year Clinical 


No of 1 

Recurrence 


Cures 

Operations 

No 

Per Cent 

No 

Per Cent 

234 

47 

20 1% 

79 

33 8% 

7 

1 

14 3% 

3 

42 9% 

123 

20 

16 3% 

61 

49 67c 

364 

68 

or 18 7% 

143 

or 39 3% 


From these data it would appeal that biopsy does not prejudice the 
end-results of ladical mastectomy Gieenough^ reached a similar conclusion 
fiom his study of the results at the Massachusetts Geneial Hospital Thus, 
we do not hesitate to employ biopsy if any doubt legardmg the diagnosis 
remains If the lesion is cleaily a carcinoma and operable we do not, how- 
ever, biopsy it Careful study of the clinical featuies of every case, and an 
extensive background of expeiience with lesions of the bieast, aie necessaiy 
if this policy IS to be safely pursued It wall be easier and safer foi the 
less experienced to biopsy all bieast lesions There aie certain indolent forms 
of breast abscess, and forms of fat necrosis, which can be clinically indis- 
tinguishable from mammal y caicmoma The damage that is done by a 
ladical mastectomy earned out foi one of these benign lesions far out- 
weighs the inconvenience of biopsy and the theoretic objections to it 

It IS our personal practice to reduce the trauma of biopsy to a minimum 
by making only a small incision, and excising only a very small wedge of 
tissue from the superficial pait of the lesion We do not excise the whole 
tumor, because if this is of considerable size excision will open up tissue 
planes widely, and possibly mciease the danger of spieadmg the disease 
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We find that a small wedge serves adequately for frozen sections in the 
great majority of cases If this is not satisfactory we, of course, remove 
a large piece 

Ward versus Pnvate Cases — It has been the general experience that 
results are better with private than with ward patients, and this is confirmed 
by the data in the present series (Table XIII) 

Table XIII 

RCSUITS OF RADICAL MASTECTOMY IN PRIMARY CASES 
Ward versus Private Cases 




Operative 

5 Year Local 

S-Year Clinical 


No of 

Deaths 

Recurrence 

Cures 

Classification 

Operations 

No Per Cent 

No Per Cent 

No Per Cent 

Ward 

422 

13 or 3 1% 

119 or 28 2% 

137 or 32 5% 

Private 

218 

7 or 3 2% 

27 or 12 4% 

94 or 43 1% 

Totals 

640 

20, or 3 1% 

146 or 22 8% 

231 or 36 1% 


The better results m private patients are no doubt due to the fact that 
they come for treatment earlier in the course of the disease This is demon- 
strated in Tables XIV and XV, which show the duration of the disease 
and, also, the frequency of involvement of the axilla in ward and private 
patients 

Table XIV 

DURATION OF DISEASE ON ADMISSION IN PRIMARY CASES 
Ward versus Private Cases 

No of Operations Duration Duration Duration 

Duration Less than 1 Month 1 to 5 Months 6 Months or More 


Classification 

Total 

Stated 

No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

Ward 

422 

413 

51 

12 3% 

171 

41 4% 

191 

46 2% 

Private 

218 

182 

49 

26 9% 

65 

35 7% 

68 

37 4% 

Totals 

640 

S9S 

100 or 

Table 

16 8% 

XV 

236 

or 39 7% 

259 

or 43 5% 


FREQUENCY OF AXILLAR1 METASTASIS IN PRIMARY CASES 
Ward versus Pnvate Cases 



No 

of Operations 







Microscopic 

Disease Limited to Breast 

Axillary 

Metastases 

Classification 

Total 

Report 

No 

Per Cent 

No 

Per Cent 

Ward 

422 

409 

147 

35 9% 

262 

64 1% 

Private 

218 

213 

90 

42 3% 

123 

57 7% 

Totals 

640 

622 

237 

or 38 1% 

385, or 61 9% 

Duration 

oj Disease 

on Admission 

— As might be expected, the earlier 


that patients came for treatment the better was their chance of clinical cure 
These data are shown in Table XVI 

There are ready explanations for the two apparent paradoxes in this table 
The fact that the results were better in patients who had had their tumors 
for more than three years than they were in those in whom the duration had 
been somewhat shorter, can be explained by assuming that the tumors that 
had been present for such a long time were slow-growing, well differentiated 
ones, and, therefore, more easily cured The good results in the group of 
cases in which the duration of disease on admission was not stated can be 
explained by the fact that most of these patients with defective histones 
were pnvate ones, who did better as a group 

Our data are not large enough to provide any significant conclusions 
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Table XVI 


RESULTS OF RADICAL MASTECTOMY IN PRIMARY CASES 
ACCORDING TO DURATION OF DISEASE ON ADMISSION 




5- Year Local Recurrence 

5-Year 

Clinical Cure 

Duration of Disease 

No of Cases 

No 

Per Cent 

No 

Per Cent 

Under 2 weeks 

50 

8 

16 0% 

27 

54 0% 

2 V eeks to 1 month 

50 

10 

20 0% 

17 

34 0% 

1 to 2 months 

no 

20 

18 2% 

44 

40 0% 

3 to 5 months 

126 

46 

36 5% 

45 

35 7% 

6 to 1 1 months 

119 

23 

19 3% 

34 

28 6% 

12 to 23 months 

75 

19 

25 3% 

20 

26 7% 

24 to 35 months 

27 

7 

25 9% 

6 

22 2% 

36 months plus 

38 

6 

15 8% 

16 

42 1% 

Not stated 

45 

7 

15 6% 

22 

48 9% 

Totals 

640 

146 

or 22 8% 

231, 

or 36 1% 


regarding the interesting question of whetliei or not patients with carcinoma 
of the breast are coming for treatment eailiei today than previously 

While It is, of course, true, as our data show, that early diagnosis and 
treatment is one of the most important factors influencing the results m 
breast carcinoma, there is a consideiable group of patients in whom the 
prognosis is bad even though they come for tieatment soon after they 
discover their disease This fact is well shown m Table XVII, in which 
the duration of disease and the piesence of axillary metastases are correlated 

Table XVII 

THF RELATIONSHIP OF DURATION OF DISEASE ON ADMISSION IN 
PRIMAR\ CASES TO THE PRESENCE OF AXILLARY METASTASES 

No of Operations Limited to Breast Axillary Metastases 


Duration 

Total 

Microscopic 

Sections 

No 

Per Cent 

No 

Per Cent 

Less than 1 month 

100 

98 

49 

50 0% 

49 

50 0% 

I to 5 months 

236 

229 

91 

39 7 

138 

60 3% 

6 months or more 

259 

253 

81 

32 0% 

172 

68 0% 

Duration not stated 

45 

42 

16 

38 1% 

26 

61 9% 

Totals 

640 

622 

237. 

or 38 1% 

385 

or 61 9% 


Aullaiy Involvement — Among all of the factois influencing the prog- 
nosis in carcinoma of the hi east tieated by suigery that of involvement of 
the axillary lymph nodes is piobably the most important The relationship 
of the microscopic findings m the axillaiy lymph nodes to the end-results 
in the Presbyterian Hospital series is shown m Table XVIII 


Tabie XVIII 

RESULTS OF RADICAL MASTFCTOMX IN PRIMARY CASES ACCORDING TO 
AXILLARY INVOLVEMENT (MICROSCOPIC) 

No of 5-Year I ocal Recurrence 5 Year Clinical Cures 


Extent of Disease 

Operations 

No 

Per Cent 

No 

Per Cent 

Limited to breast 

237 

23 

9 7% 

145 

61 2% 

Axilla involved 

385 

120 

31 3% 

81 

21 0% 

No microscopic sections 

18 

3 

16 7% 

5 

27 8% 

Totals 

640 

146 

or 22 8% 

231 

or 36 1% 


The clinical cure rate is thus seen to be appi oximately three times as high 
m those m whom the disease is limited to the breast as it is m those in 
whom it has extended to the axillary lymph nodes The frequency of local 
recurrence appears to be similarly related to the presence of axillary in- 
volvement. It IS indeed worth while considering the data for local recur- 
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rence in relationship to axillary involvement in more detail, for they show 
some interesting features (Table XIX) 

Table XIX 

RELATIONSHIP OF LOCAL RECURRENCE TO AXILLARY INVOLVEMENT (MICROSCOPIC) 


Radical mastectomies for which microscopic sections were available 622 

I — Disease limited to breast 237 or 38 1 % 

A — Local recurrence on chest only 17 

B — Local recurrence in axilla only 4 

C — Local recurrence both chest and axilla 2 

Total cases with local recurrence 23 or 9 7% 

11 — Axillary nodes involved 385 or 61 9% 

A — Loral recurrence on chest only 84 

B — Local recurrence in ax;illa only 12 

C — Local recurrence both chest and axilla 24 

Total cases inth local recurrence 120 or 31 2% 


In the group of cases m which the disease was limited to the breast, 
lecurrence, nevertheless, developed m the axilla in six instances We can 
explain this paradox by assuming eithei that lymph nodes containing the 
disease were left behind or that the suigeon actually implanted carcinoma 
m the axilla 

If we could only know before opeiation whether or not the axillary 
nodes are actually involved by the disease it would be of considerable help 
to us in planning treatment Unfortunately, however, clinical examination 
IS but a poor guide, foi the most careful palpation of the axilla frequently 
fails to detect involved nodes The expeiience at the Presbyterian Hospital 
m this regard is shown m Table XX. 


Table XX 

THE ACCURACY OF CLINICAL DIAGNOSIS OF A*X.ILI AR\ L'iMPH NODF 
MCTASTASES IN PRIMARY CASES TREATED RADICAL MASTECTOMY 



No of 

Microscopic 

Axillary 

Metastases 

Clinical Diagnosis 

Operations 

Sections Available 

No 

Per Cent 

Axillarv nodes not involved 

336 

325 

143 

44 0% 

■Axillary nodes involved 

284 

278 

236 

84 9% 

\o diagnosis made 

20 

19 

6 

31 6% 

Totals 

640 

622 

385 

or 61 9% 


From these data we see that when the clinician thought that there were 
no axillary metastases he was wrong m 44 per cent of the cases, and 
vice veisa, when the thought that the axilla w^as involved, he was wrong 
m 15 I per cent of the cases 

The mere size of the axillary nodes is of considerable value m judging 
whether or not they contain metastases (Table XXI) 

Unfoitunatety, most of the case records m the piesent series did not 
contain measuiements of the enlarged axillaiy lymph nodes expressed in 
centimeteis We believe that an attempt to measure the transverse diameter 
of palpable axillary nodes should always be made, even though the surgeon 
IS fully aware of how difficult it is to make such measurements accurately, 
particularly m obese patients It is only by the accumulation of actual 
measurements of this kind that we can hope to become more expert in our 
judgment of axillaiy involvement We have seen only one patient in \vhom 
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Table XXI 


THE PREQUENCY OP METAST^^SPS IN AN-ILLARY NODES IN PRIMARY CASES ACCORDING 
TO THEIR SIZE B\ CLINICAL MEASUREMENT 


Clinical Measurement of Lymph Nodes 
Nodes not palpable 
Nodes moderately enlarged 
Nodes massively enlarged 
Nodes 2 5 cm or more in diameter 
Not described 
Total 


No of 

Microscopic 

AYiHary 

Mefastpses 

Operations 

Sections Available 

No 

Per Cent 

177 

171 

62 

36 3% 

359 

349 

239 

68 5% 

61 

60 

56 

93 3% 

23 

23 

22 

95 7% 

20 

19 

6 

31 6% 

640 

622 

385, 

or 61 9% 


enlarged axiUaiy nodes that measined 2 5 cm 01 more in transverse diameter 
did not contain metastases 

Pieopeiaiwe Radiation — A small pioportion of the patients in this series 
leceived preoperative loentgenotheiapy Most of these cases weie treated 
in the years 1915 to 1923, the tieatment consisting of several suberythema 
doses, given ovei large fields, to the front and back of the chest We well 
realize that this is a veiy diffeient kind of ladiation from that given today, 
but the lesults aie piesented foi what they aie woith (Table XXII) 


T\ble XXII 


TUP INPLUPNCE OP PRPQPPRATIYE RADIATION ON THE RESULTS 01 
RYDICAL MASTECTOMY IN PRIMARY CASES 


Treatment No of Cases 

No preoperative radiation 562 

Preopcmtive radiation 78 

Totals 640 


S-Year Local Recurrence S-Year Clinical Cures 


No Per Cent 

No 

Per Cent 

126 22 4% 

209 

37 2 % 

20 25 6% 

22 

28 2 % 

146, or 22 8% 

231 

or 36 1% 


When data of this kind aie piesented, the objection is alnays raised that 
results are necessatily better in the group of patients who did not receive 
radiation because this kind of tieatment is administered moie often in the 
advanced cases than in the eaily ones This was ceitainly true m the 
present senes of cases, if the presence of axillary metastases is taken as 
an index of the extent of the disease In the gioup of patients who did 
not receive pieoperative radiation 603 per cent had axillary metastases, while 
m the group radiated preoperatively 72 4 per cent had axillary metastases 
In our data we get no closer to an answer to the question by breaking down 
the cases into diffeient categoiies, foi the numbers of cases then become 
so small that they have no statistical significance 

It IS not our practice today, at the Presbyteiian Hospital, to give pie- 
operative radiation to patients with operable carcinoma of the breast This 
decision is based upon experience with radiation m patients treated sub- 
sequent to 1934, and, therefore, not included in the present leport 

Postopeiafive Piophylachc Radiation — Postopeiative radiation, with the 
intent of preventing reappearance of the disease, was administered more fre- 
quently m this senes of cases Indeed, about three-fifths of the patients 
received it Many of these patients iveie treated subsequent to 1923, and 
received the modern type of radiation The factors usually were 130 kilo- 
volts, o 25 Mm of copper and i Min of aluminum filter, tube-skin distance 
40cm The dosage was 400 r over the field of operation on the chest wall 
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and anterior axilla, as well as the supraclavicular area and sometimes the 
opposite axilla This series of treatments was repeated at least once, after 
from four to eight weeks The results of this treatment are shown m 
Table XXIII 

Table XXIII 

THE INFLUENCE OF POSTOPERATIVE PROPHYLACTIC RADIATION ON THE 
RESULTS OF RAD;,CAL MASTECTOMY IN PRIMARY CASES 

S-Year Local Recurrence S Year Clinical Cures 
Treatment No of Cases No Per Cent No Per Cent 

No postoperative prophylactic radiation 372 73 19 6% 137 36 8% 

Postoperative prophylactic radiation 268 73 27 2% 94 35 i% 

Totals 640 146 or 22 8% 231 or 36 1% 

In evaluating these data we again meet with the fact that postoperative 
prophylactic radiation is more often administered to advanced than to early 
cases, which prejudices the results This was, indeed, the case m the present 
series of cases, for only 53 9 per cent of the patients who did not receive 
the radiation had axillarj'' metastases, while 72 5 per cent of those who were 
given postoperative prophylactic radiation had axillary involvement In order 
to reduce the disturbing effect of this factor we have prepared Table XXIV, 
which includes only those cases in which axillary metastases were present, 
and yet were operable according to the criteria that we today rely upon 
Thus, the earlier, as well as the most advanced cases, have been excluded 

Table XXIV 

THE INFLUENCE OF POSTOPERATIVF PROPHYL4CTIC RADIATION ON THE RESULTS OF RADICAl 
MASTECTOMY IN PRIMARY CASES IN YVHICH AXILLARY METASTASES WERE PRESENT, 

YET OPERABLE ACCORDING TO HAAGENSEN STOUT CRITERIA 

S-Year Local Recurrence 5 Year Clinical Cures 
Treatment No of Cases No Per Cent No Per Cent 

No postoperative prophylactic radiation 154 34 22 1% 38 24 7% 

Postoperative prophylactic radiation 143 40 28 0% 45 31 5% 

Totals 297 74 or 24 9% 83 or 27 9% 

These differences in results in the two groups of cases are not of statistical 

significance, and we are forced to conclude that this kind of radiation has not 
been of any demonstrable value in our series 

Palliahve Radiation foi Ream fence — The usefulness of roentgenotherapy 
for recurrent disease is quite another matter It has been of the greatest 
palliative value m controlling pain due to bone metastases, and in clearing up 
small local recurrences in the field of operation 

When persistent pain develops in the back, pehis, or legs of a patient who 
has had a radical mastectomy for carcinoma of the breast we begin radiation 
at once, even though the roentgenograms fail to reveal any definite bone 
lesion 

SUMMARY 

In studying a series of 1040 carcinomata of the female breast, seen at the 
Presbyterian Hospital between 1915 1934 > inclusive, we have been 

aided by the punch-card method of analysis, which we heartily recommend 
for investigations of this sort 
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We have stressed the impoitaiice of calculating operability and five-year 
clinical cure lates in absolute teims, that is on the basis of the total number 
of patients seen in the clinic, and without any deductions whatever for patients 
lost tiack of, treatment not completed, etc Only in this way can strictly 
compaiable statistics fioni diffeient clinics be obtained 

A total of 640 ladical mastectomies were peifoimed by a vaiiety of 
methods Local lecuiience in the opeiative field on the chest and m the 
axilla Avas disti essmgly f 1 equent It had developed in 22 8 pei cent of the 
640 patients within five yeais after operation Death was usually due, of 
course, to distant metastases, which developed most fiequently in lungs, 
pleuia, and bones 

Dm mg the couise of the years covered by the present report there was 
an inci easing tendency of the suigeons of the hospital staff to take a longer 
time to cany out ladical mastectomy, and to inciease the extent of the dis- 
section Theie was suggestive evidence that these more radical operations 
gaA^e better lesults , 

REFERENCE 

1 Greenough, R B Eaily Diagnosis of Breast Cancer Annals of Surgery, 102, 
233, August, 193s 
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LYMPHEDEMA OF THE ARM FOLLOWING RADICAL 
MASTECTOMY FOR CARCINOMA OF BREAST* 

A NEW OPERATION FOR ITS CONTROL 

Samuel Standard, M D 
New York, N Y 

FROM THE GENERAL SURGICAL SERVICE OF MONTEEIORE HOSPITAL NEW YORK N Y 

Postoperative lymphedema of the arm following radical mastectomy 
of the breast often proves to be a disabling sequela The cause of its oc- 
cuirence has been variably ascribed to (i) Postoperative inflammation 
(2) Venous obstruction (3) The result of fibrosis following postopera- 
tive radiation (4) Recuiient malignancy with obstruction in the axilla 
(5) The theory proposed by Reinhoff, who ascribes the fibrosis to the dead 
space left in the axilla when the lateial flap is tented ovei the axilla in the 
piimary closure However, he admits that even with closure by primar}' 
grafting, which peimits skin to remain against chest wall from the very 
beginning, postoperative lymphedema is not avoided 

Devenish and Jessop, in their paper on the nature and cause of swelling 
of the upper limb after radical mastectomy, have proved wuth fair certainty 
that It IS not due to venous obstruction, and that the most likely cause is 
lymphatic block 

Lymphedema of the aim may piove a very disabling sequela which, 
in the absence of recurrence, has defied therapy and has, in some instances, 
driven a patient to amputation of the arm to escape disability and pain These 
patients find themselves freei in activity with the arm off than with the 
heavy weight of a useless appendage 

The methods heretofore used foi its relief have been uniformly un- 
satisfactory The Kondoleon operations reported, have, on occasion, given 
slight relief, but these were temporary Lymphangioplasty has fallen into 
disuse because of the danger of infection in the lymphedematous tissue, and 
because, even in the absence of infection, reduction in the size of the arm 
IS not appreciable 

A third, nonsurgical method, suggested by Devenish and Jessop, has given 
fair results in the less advanced cases They suggest elevation of the arm 
and bed rest, for a period of time, to peimit recession of the edema and, 
later, the w^earing of an elastic corset about the arm during the day, and 
elevation during the night 

Ross Veal, in 1937, discussing the problem of postoperative lymphedema 
following radical mastectomy, w^rote “No procedures have yet been devised 
to remedy it ” 

♦ Read before the New York Surgical Society, February 25, 1942 
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The following case is pieseiited to call attention to an hitherto untried 
method to lelease the lymiDhedema of the aim following radical mastectomy 
Case Report— C R, white, female, age 58 In 1931, eleven years ago, she had 
had a radical mastectomy peifoinied foi a ^breast carcinoma, followed by radiotherapy 
Within a yeai following the opeiation, swelling of the arm occurred and became pro- 
giessively gi eater Hei fiist admission to Montefioie Hospital was in January, 1938, 
seven jeais after her operation Roentgenogi ams taken then, and on many occasions 
since then, for radiculai pain, showed no demonstrable bony metastases, and there is 
no clinical evidence of lecunence to date 



Fig I — A Appear-ince of mm nine yeais after mastectomj for carcinoma of 

breast 3 Appearance of arm 12 months after operation 


From January, 1938, to January, 1940, she was admitted to the hospital five times 
with the complaint of swelling, pain, and disability of the right arm During this two- 
year peiiod she received radiation therapy, regional nerve block, elevation on an air- 
plane splint, and an attempt to transplant a segment of the latissimus dorsi into the 
axilla The latter attempt had to be abandoned because of the dense fibrosis en- 
countered in the axilla None of these procedures alteied the extent of the swelling 
of the arm or relieved the pain 

In October, 1940, she came undei our care at Montefiore Hospital The arm and 
hand were markedly swollen and painful (Fig lA) The skin was tense, firm, and 
shiny The arm enlaigement foiced her to walk with a list to the opposite side to 
counterbalance its weight 

She was unable to turn in bed without lifting the arm, had to lift it to the table 
with her good arm when she sat down to her meals The hand was swollen The 
swelling involved the fingers to such an extent that she could not flex them, making 
the hand a functionally useless appendage 
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She asked that the arm be amputated for relief Dr Venet, Surgical Resident 
suggested a plastic procedure The experimental nature of the procedure was explained 
to her, and she consented to it on our promise that if it failed we would then amputate 
the arm She was put to bed for three weeks, her arm suspended and elevated on a 
ramp, and an Ace bandage was reapplied each day, as the swelling subsided (Fig 2) 

0 />e>ahon— December 9, 1940 This consisted of the excision of an oval segment 
of skin and deep fascia, exposing bare muscles, on the medial aspect of the arm The 
skin of the chest wall opposite this segment was opened through the deep fascia to the 
muscles (serratus anterior) covering the thorax (Fig 3) , the skin edges were sutured 
by interrupted silk The arm was immobilized against the chest wall by a snug bandage 



Fig 2 — Appearance of arm after three Fic 3 — Appearance of arm four weeks after 
weeks of bed rest, elevation of the arm, and operation 
dailj reapplication of Ace bandage in prepara 
tion for surgical procedure 


We intended to carry the incision from arm to chest as a continuous line The in- 
cision was not so extended because of the severe radiation fibrosis of the skin in the 
axilla The skin was so leathery m this area, that it would have jeopardized sub- 
sequent healing However, in the absence of such fibrosis, that should be the incision 
of choice, since it would furnish even greater collateral vascular and lymphatic possi- 
bilities than the operation as here performed 

Her postoperative course was uneventful The wound healed pet piwiam The 
effectiveness of the procedure may be measured, in part, by her having made no request 
that we carry out our promise of amputating her arm (Fig iB) She now walks about 
freely , can attend to all her wants , has no difficulty feeding herself , she can comb her 
hair, write, knit, adjust her clothing, and undertake all the activities that she had done 
previously Her only limitation is that of abduction of the arm The arm remains 
loosely chained to the chest wall (Fig 4) 

The principles of the method here presented are more important than 
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the details in this case The use of the chest wall, to furnish a collateral 
return from the arm, evidently furnishes an adequate return lymphatic flow 
A second operative method, with this principle in mind, is a plastic pro- 
cedure in which the flap could be swung from the back, across the axilla, 
and down the arm This may supply the alternate route for venous and 
lymphatic letuin without fixing the arm to the chest wall 



Pig 4' — Demonstrating mobility of hand ^\lth arm fixed to chest wall Elbow, 
wrist and finger motion free 

In view of the varied etiologic factors considered in the production of post- 
operative lymphedema, several prophylactic methods present themselves for 
consideration 

1 Careful surgery to minimize trauma, and its resultant tissue reaction 

2 The use of minimum size ligatures to reduce responses to foreign body 
Silk suggests Itself as a good substitute for gut 
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3 A careful preparation of the operative field, and protection, during 
the operation, to minimize the introduction of infection 

4 The preservation of available venous channels In such cases, where 
the axillary vein requires lesection, the cephalic vein, which ordinarily is 
spared m a radical mastectom}’’, should be particularly guarded against injury 

5 Reinhoff’s suggestion which consists of swinging a flap of latissimus 
dorsi to fill the axillary dead space and furnish an alternate route for lym- 
phatic flow 

When, despite piophylactic measuies lymphedema occurs, and becomes 
of sufficient severity to pi oduce disability, tbe operation here suggested adds 
anothei suigical proceduie for its control 

Discussion — Dr F W Bancroft (New York) Dr Guthrie has util- 
ized a simpler technic foi some of these instances of edema of the arm He 
makes, under local anesthesia, seveial incisions over the shoulder and down- 
ward into the upper third of the arm By the use of a clamp, the sub- 
cutaneous tissue IS tunneled and celloidin ribbon-like bands are inserted, the 
aim is placed in elevation and the celloidin bands are left in place for about 
SIX weeks They aie later lemoved after definite lymphangitic channels have 
been established I do not believe that he has obtained as beautiful a result 
as IS shown in Dr Standard’s case However, it would be my impression 
that the simplest method should be tiied first These marked lymphangitic 
engorgements of the arm have been more frequent since ladiotherapy has 
been employed, and it is my impiession that they are not due to recurrences, 
as was previously considered the case, nor due to thiombosis of the vein, but 
are probably the result of sclerosis of the lymphatics coming from the arm 
into the axilla 
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EXTRADURAL HEMORRHAGE IN THE ANTERIOR 

CRANIAL FOSSA 

Sidney W Gross, M D , and Nathan Savitsky, M D 

NrAV York, N Y 

TROM THE MORRISANIA CITA HOSPITAL NEW YORK, N \ 

Exikadural hemorrhage is a fiequent cause of death following head 
iiijuiy Of 507 cases of head injuries which came to autopsy Vance’^ found 
extiaduial hemoirhages in 106 cases In 61, the extiaduial hemoiihage 
was the piincipal cause of death It is not necessaiy to describe the couise 
of the usual case of extiaduial hemoiihage The syndiome is readily lecog- 
nized, and the coriect diagnosis and opeiative tieatment are most often 
followed by recoveiy of the patient Occasionally extiadural hemoirhage 
IS diagnosed clmicall}'’ but not found at opeiation In other cases the 
diagnosis is missed and an extiaduial hemoiihage is discovered at autopsy 
The failuie to find an extraduial hemorihage at operation when the clinical 
symptoms point to such a lesion is due either to unusual location of the 
clot 01 to the piesence of some othei pathologic process which may simulate 
an extiadural hemoiihage 

This report is concerned with extiadural hemorrhage in the fiontal 
fossa Clots 111 this location aie frequently overlooked at operation unless 
the surgeon is aw'aie that on rare occasions an extiaduial hemoirhage may 
be limited to the fi ontal fossa In a perusal of the literature isolatea 
cases of frontal extraduial hemoirhage aie alluded to, but the problem 
Itself has received brief consideration Briesen,^ describes the following 
case “The clinical picture was classical (of extiaduial hemorrhage) A 
bilateral subtempoial decompression was perfoimed m a routine manner 
It failed to disclose a hematoma On autopsy, a laige extradural hematoma 
wdiich had not been diagnosed w'^as found one centimeter anterior to the site 
of the operation” By far, most extraduial hemoiihages are found in the 
middle fossa, and the usual subtempoial decompiession exposuie is adequate 
for the majoiity of cases In a senes of 504 cases of fracture of the skull 
studied at autopsy LeCount and Appelbach® found 104 extradural hemor- 
ihages laige enough to cause appreciable compression of the brain Of these, 
49 clots coveied the convexity of the tempoial, parietal and occipital lobes, 
14, the occipital lobe, six the frontal and parietal lobes, and i, the tempoial 
and parietal lobes on both sides 

In the followung three cases extradural hemorrhages were limited to 
the frontal fossa 

Oase I — A white male, age 14, struck the right side of his head on an non 
stanchion He suffered a bruise of the right side of the forehead but otherwise had 
no other symptoms of a severe injury at the time The accident occurred at 4 30 p m 
H e went to bed that night feeling well, but awoke at about midnight complaining 
of severe headache He vomited several times and then became semistuporous The 
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next morning he was still in a stupor, and had involuntary twitching of both sides 
of the body That evening, 30 hours after the accident, he was admitted to a 
hospital On examination, in addition to the stupor and contusion of the right side 
of the forehead, the Babinski sign was positive on both sides Pulse 60, blood pressure 
150/90, temperature 101° F The surgeon at this hospital advised nonoperative 
treatment Notwithstanding this the patient was immediately removed to another 
hospital for operative intervention When seen at this time (2 a m ) the pulse was 54, 
and there were occasional jerking movements of the face The right pupil was fixed 
and dilated, and the Babmski sign positive on both sides A diagnosis of right extra- 
dural hemorrhage was made and immediate exploration carried out An opening, about 
five centimeters in diameter, was made in the skull just above the zygoma on the 



Fig I — Compression of right frontal pole by extradural clot 

right Side There was no evidence of extradural or subdural hemorrhage A similar 
exploration was made on the left side without any abnormal findings 

The patient failed to improve, and died 24 hours later An autopsy disclosed a 
large extradural hemorrhage, seven centimeters in diameter, in the right anterior 
fossa The clot caused marked compression of the anterior portion of the right 

frontal lobe (Fig i), with a concave deformity of the lobe Careful examination 

did not reveal a fracture of the vault or base of the skull 

In this case the histoiy and findings were so typical of an extradural 

hemorrhage that thorough explorations of both middle fossae were carried 
out in search of the clot The finding of the clot at autopsy, compressing the 
tip of the frontal lobe, was a new experience to us In 22 cases of extradural 
hemorrhage operated upon during the past seven years, all except the 
three cases herewith reported weie found on middle fossa explorations 
Calse 2 — A white male, age 10, fell from his coaster wagon at about noon 
He was not unconscious and went home unassisted At about 3 p m he began to 
vomit Later that afternoon he complained of headache and became drowsy He was 
admitted to the hospital at 8 15 pm, about eight hours after the accident 

On examination, there was an abrasion of the left forehead He was semistuporous 
When aroused he seemed bewildered Percussion of the skull in the left frontal 
region gave a dull note The pupils were equal and reacted promptly to light There 
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was a ptosis of the left ej^elid, a right central facial weakness, and right hemiparesis, 
with a positive Babinski on the right The pulse varied between 55 and 64 Roent- 
genologic examination of the skull showed no evidence of fracture 

A diagnosis of left extradural hemoirhage was made and immediate exploration 
earned out under local anesthesia No clot was found in the middle fossa The usual 
subtemporal decompiession incision was converted into a T-shaped incision to permit 
exploration of the anterioi fossa An extensive extradural hemorrhage was found 
compiessing the frontal lobe 

The patient made a piompt lecoveiy and was discharged 18 days later 
Case 3 — A white male, age 31, was struck over the head with a baseball bat 
The exact details are not available concerning his condition immediately after the 
blow However, he went home unassisted The next day he had a headache which 
was attributed to a “hang-over” However, during the next 48 hours he became 
drowsy and had difficulty in talking and was admitted to the hospital 

On examination, there was a bruise in the left frontotemporal region The 
pulse was 66, blood pressure 140/85 He had some difficulty in naming objects 
A light central facial palsy was present Roentgenologic examination of the skull 
showed a comminuted, slightly depressed fracture in the left frontal and parietal 
regions The patient seemed to improve following a lumbar puncture, and hypertonic 
glucose solution His pulse remained slow The improvement, however, was only 
temporary One week after the accident he developed a left inteinal rectus weakness 
The left pupil was larger than the right and failed to react to light The aphasia 
became more marked The following day an exploration for an extradural hemor- 
rhage was cairied out An extensive comminuted fracture was found m the left 
frontal region The fragments were slightly depressed Bright red blood exuded 
between the fragments As the bone fragments were removed, a very large, dark 
extradural clot was found in the anteiior fossa 

Following this procedure the patient gradually improved He became less and 
less aphasic, so that one month later, at the time of his discharge from the hospital, 
his speech was almost normal The left internal rectus weakness was much slower 
to clear up Over a period of six months it became less and less marked and finally 
recovered completely 

Discussion — The location of extradural hemorrhages depends chiefly 
on the meningeal aitenes v\dnch aie involved In rare instances extradural 
hemoirhages lesult from teais 111 the inti acranial venous sinuses The middle 
meningeal is by far the most impoitant vessel concerned m extradural hemor- 
rhage Nevertheless, the anteiioi and posterior meningeal arteries may 
occasionally give rise to extiadural clots The middle meningeal artery is 
the lai gest branch of the internal maxillary artery It enters the skull through 
the foramen spinosum and is distributed inside the skull to the dura over 
the frontal, tempoial and paiietal convexities 

The anteiioi meningeal artery, which we believe is the vessel injured 
in anterioi fossa extiadural clots, is a branch of the anterior ethmoidal 
artery The anterior meningeal artery supplies the dura of the floor of the 
anterior fossa and the duia covering the frontal pole The posterior 
meningeal arteiy is a branch of the ascending pharjmgeal artery Along 
with a meningeal bianch derived from the veitebral artery it supplies the 
dura of the posterior fossa 

In most leports^ concerned with extradural hemorrhage the middle 
meningeal aiteiy and its branches leceive primal y consideration, so much so, 
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that “extradural hemonhage” and “middle meningeal hemorrhage” are 
terms which are often used interchangeably Hemoiihages due to tears 
of the anterior and posterior meningeal arteries are much less frequent 
than those due to tears of the middle meningeal aitery, but the knowledge 
that they may occur may lead to the correct diagnosis and treatment in 
atypical cases of acute cerebral compression following head injuries 

The importance of a fracture of the skull has been unduly stressed m 
the diagnosis of extradural hemorrhage The presence of a fiacture line 
crossing a vascular channel is valuable supporting evidence m a suspected 
case of extradural hemorrhage The absence of a fracture of the skull has 
no diagnostic value when other signs and symptoms point to extradural 
hemorrhage Of the three cases presented m this report fracture of the 
skull was found only in one The incidence of skull fracture in extradural 
clots due to middle meningeal hemorrhage is about 85 pei cent 

Initial loss of consciousness was not obseived in Cases i or 2 In Case 3, 
the patient was injured during an alcoholic brawl It is not known whether 
01 not he was unconscious immediately after the blow to the head In 
Cases I and 2 semistupor appeared aftei an interval of a few hours In 
Case 3, the patient was drowsy foi two or three days after the injury 
After that his state of consciousness varied At times he was moie aleit, 
at other times he was drowsy He nevei lost consciousness completely 
The pulse was slow in all three patients Bradycardia has proved to be a 
valuable sign Following an injurj^ to the head it frequently indicates 
cerebral compiession eithei by an extraduial 01 a subdural clot Elevation 
of the blood pressuie is a less constant finding in extraduial hemorrhage 
It IS a sign which is of value only when present When the blood pressure 
increases in a case of extraduial hemorrhage, the systolic pressure rises 
more rapidly than the diastolic, resulting in a high pulse piessure 

The eye signs are of gieat value In about 75 pei cent of the cases 
of extradural clot due to middle meningeal hemorihage, theie is a fixed, 
dilated pupil on the side of the bleeding In our three cases of extradural 
hemorrhage in the anterior fossa, eye signs appeared relatively late in the 
clinical course In Case l, the pupils were equal during the first 30 
hours, after which the right pupil became dilated and fixed By this time 
the patient had generalized twitchings and other evidence of seveie 
cerebral compression In Case 2, the pupils were small, equal and reacted 
to light but after a few hours the patient developed a ptosis on the side 
of the clot In Case 3, the pupil on the side of the lesion became dilated and 
fixed to light after an interval of seven days At the same time a weakness 
of the internal rectus muscle appeared on the same side 

In addition to the eye signs, findings of lateializing value weie noted 
in all our three cases In Cases i and 2, there was a bruise of the fore- 
head In Case 3, there was a bruise in the f 1 ontotemporal region and roent- 
genographic evidence of a fracture of the left frontal bone Extradural hemor- 
rhages most often occur on the side of the injury, and usually bear some 
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relation to the site of the blow Sii Chailes Bell, long ago, deinonstiated 
that at the point struck the dura separates fiom the skull and that bleeding 
continues into the space of primal y separation In Case i, bleeding occurred 
under the site of injuiy No othei sign of lateializing value appeared until 
30 hours later, when the right pupil became dilated At the time little im- 
portance was placed on the location of the injuiy and both middle fossae 
weie fruitlessly explored In this case bilateral, involuntary twitching and 
iigidity appeared after an inteival of about 12 hours We have seen twitching 
and geneiahzed rigidity in othei cases of extiadural hemoirhage and have 
learned that they foiebode a grave prognosis In Case 2, a hemipaiesis 
and positive Babinski sign were piesent on the conti alateral side when the 
patient was first seen at the hospital, about eight hours aftei the accident 
In Case 3, a light facial weakness and an anomia w^ere early signs of focal 
value Homolateral e3^e signs developed much latei, aftei an interval of 
seven da3'’S 

The treatment of extiaduial hemorihage is trephine exploration, with 
the least practicable dela3^ The side of the injury as indicated by external 
evidence, 1 oentgenologic and neuiologic findings should be explored fiibt 
The usual subtemporal decompiession exposure is adequate for most extra- 
dural hemorihages, but will not disclose a clot m the anterioi or posterioi 
fossa If the clot is not found m the middle fossa, rapid conversion to a 
T-shaped incision for exposuie of the anteiior fossa, should be earned out 
before exploring the opposite middle fossa Extiadural hemorrhages in the 
posterior cranial fossa aie extiemely rare Coleman and Thomson® have 
recently pointed out that ceiebellai signs in the presence of nuchal rigidity, 
after a head injury, in a drow^sy patient, with a fracture of the occipital bone, 
should lead to the suspicion of a clot in the posterior fossa In such a 
case, recentl3'’ reported,® an extiaduial clot was removed from the posterior 
fossa with gratifying results The bleeding occuiied from a tear in the 
torcula Herophili 


SUMMAEY 

Three cases of extiadural hemorrhage in the anteiior cranial fossa are 
reported When the history and findings indicate an extiadural hemorihage, 
exploration should be undertaken without delaj If the clot is not found 
in the middle fossa, the anterior fossa should be explored befoie the opposite 
middle fossa An extradural hemoirhage may occur without a fiacture of 
the skull In extradural hemorrhages of the anterior fossa the eye signs 
are likely to appear relatively late In extradural hemorrhages the site of 
the injury is of great localizing value and should guide the surgeon as to 
the place of exploration 
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MASSIVE RUPTURE OP THE LIVER 
Lewis S. Pilchek, M D 

Newton-, Mass 

Massive rupture of the liver following traumatic contusion of the 
abdomen is one of the most serious of abominal injuries Most of the cases 
end fatally within a few hours, due to hemorrhage and shock, a few who 
do survive the initial hemorihage die later from bile peritonitis or intestinal 
obstruction , reported cases of complete recovery are rare Branch^ recorded 
two cases of deep rupture of the liver, with recovery, in 1938, and Krieg,“ 
in 1936, leported one recovery out of ten cases treated during a period of 
seven years These three cases are the only instances of recovery from 
massive ruptuie of the liver we found in the recent literature 

Ruptuie of the livei, like ruptuie of the spleen, is usually the result 
of trauma Ordinarily it is met with infrequently (ten cases in seven years 
at the Detroit City Hospital) but m time of war, particularly m mechanized 
and air warfaie, it is a lesion which may be expected to occur moie fre- 
quently In Jolly’s^ repoit of the recent Spanish Republican war he en- 
countered 38 cases of severe liver damage in 238 patients with abdominal 
wounds 

The attitude of many surgeons faced with a massive rupture of the 
liver has been one of hopelessness for the geneial feeling has been that 
the liver cannot be surgically treated or repaired as other organs, par- 
ticularly that it cannot be satisfactorily sutured, and that once its vital 
tissues are extensively injured recovery is impossible, or at least extremely 
unlikely It is certainly easy to understand this feeling of hopelessness in 
view of the available statistics noted above, and the fact that even minor 
liver wounds are reported to show a moitality of over 60 per cent The 
same feeling holds in regard to the spleen, as is evidenced by the routine 
practice of removing ruptured spleens m fofo rather than attempting to 
repair their injury surgically 

We question this feeling of hopelessness concerning reparative liver 
surgery and believe it is greatly exaggerated, and m many cases may even 
be contributing to the unnecessarily high fatality from these injuries by 
failure to attempt simple surgical piocedures, such as straightforward 
suturing, and leading to substitution of unnecessarily complicated and time- 
consuming surgery, such as fascial or living omental grafts, or, on the 
other hand, to the use of massive gauze packs which are almost certain to 
lead to dangerous complications It must be emphasized that, regardless 
of the common belief, liver lacerations can be sutured simply and satis- 
factorily if certain basic pnnciples are kept m mind In both of Branch s 
cases extensive lacerations of the livei were readily sutured, and Kneg 
sutuied 15 of the 55 cases of liver laceration which he treated Further- 
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more although hemoirhage is mvanably serious in hvei injuries, few of 
the patients die of immediate or primary hemorrhage, so that the surgeon 
usually has a leeway of several hours m which to institute treatment, while 
secondary hemonhage aftei sutuie of the hvei is rare In view of these 
facts it seems probable that the mortality fiom liver injuiy should not be 
as high as published statistics would indicate 

One great temptation in massive wounds of the liver is to insert a large 
gauze pack and then quit How^ever, the dangei of using such large packs 
cannot be overemphasized, and the}' usually are entirely unnecessarj' It 
has often been noted that hemonhage from the surface of a ruptuied hvei 
IS frequently completely controlled by spontaneous coagulation Krieg re- 
maiked m his report that “in the majorit}' of cases gauze w'as not inserted 
into the wound with enough piessure to control hemonhage and fre- 
quently It wns merely placed against the wound, yet in no case was theie 
alarming bleeding after the patients had been returned to the Avard ” The 
pressure from large gauze packs in the hvei area particular!)' adjacent to 
the pyloius, is almost certain to lesult in pyloiic obstruction oi spasm 
Kiieg states that in all of the cases m w'bich he used large packs symptoms 
of obstniction developed, and others have made similar observations clini- 
cally and expel imentally (Dragstedt,"* Walters On the other hand, the use 
of a small rubbei dam oi a cigarette dram leading out from the sutured 
liver is almost imperative because of the necessity of evacuating pockets of 
blood and bile and providing drainage of the small bile abscesses which fie- 
quentl)' form 

In the case of massive ruptuie of the hvei reported herewith, both the 
virtues and vices of these details of suigical tieatment are illustrated The 
ease and simplicity with which the liver can be sutured are stiikingly 
demonstrated, and the tioubk which can arise from using gauze packs un- 
necessarily is equally evident 

Case Report — S , male, age 26, was admitted to the Newton Hospital, 
Novembei 21, 1941, immediately after being injured in an automobile accident 
He was riding a motorcycle which collided with a car and was thrown over the 
handlebars to the ground, losing consciousness When admitted to the hospital 
he was in severe shock and complaining of extreme abdominal pain He was 
conscious and rational His external injuries were relatively minor including a 
small laceration over the right eyebrow and multiple contusions and abrasions of 
the face, both shoulders, anterior chest, left thigh and buttock There were no 
visible external injuiies of the abdomen pelvis, lower chest or back The abdomen, 
however, was markedly tender and rigid throughout The patient was obviously m 
severe pain which was only partially relieved by opiates His general condition 
was poor, pulse thready and rapid, blood pressure 70/0, breathing shallow Shortly 
after admission he was catheterized and one-half ounce of grossly bloody urine 
obtained He stated that he had emptied his bladder completely just a few minutes 
before the accident Clinical Diagnosis Probable ruptured bladder An additional 
diagnosis of probable rupture of the spleen was made because of the evidence of 
marked intrapentoneal hemorrhage which it was felt w'as unlikely to be prodvtced 
entirely by the rupture of an empty bladder 
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Opeiat'ion Aftei the initial shock had been treated with morphine, intravenous 
glucose and plasma, the patient s condition was slightly improved and celiotomy, 
through a midline suprapubic incision, was performed one and one-half houi s after 

admission There was a large amount of free blood in the peritoneal cavity with 

many clots, most of which appeared to be coming from the upper abdomen Aftei 
removal of the blood, the bladder was caiefully examined and found to be intact 
A small piece of ragged tissue, one inch m diameter, was found lying free m the 
pelvis which, on gross examination, was obviously a piece of liver tissue A 
large retroperitoneal hematoma could be seen dissecting down along the right ureter 

The suprapubic incision was extended upwaids to the xiphoid, passing to the 
left of the umbilicus It was later extended two inches laterally to the right, along 
the right costal maigin, to give better exposure of the right lobe of the liver and 
the right kidney On exposing the liver fully, a rather startling picture was pre- 
sented The hvei appeared to be split almost completely in half m the vertical 

axis of the body, and the two halves were lying separated like an open book, being 

attached only along the extreme posterior portion There was only slight active 
bleeding from the raw sui faces, which were covered with blood clot On closer 
examination the rupture m the liver was found to extend down to, but not through, 
the common duct and hepatic artery From that point it extended anteriorly just 
medial to the gallbladder, upwards and posteriorly, just to the right of the falciform 
ligament, over the dome of the liver, and for a few inches down the posterioi aspect of 
the right lobe The light and left lobes of the liver were thus connected only by 
a small bridge of tissue m the region of the common duct and by a portion of 
the posteiior capsule of the liver The gaping edges of the rupture were fully four 
inches apart anteriorly 

The temptation was to pack this tremendous laceration with gauze because of 
the impossibility of approximating the widely gaping edges of the ruptured viscus with 
sutures However, it was decided to make an attempt to suture the liver with chromic 
catgut, placing the sutures deeply and well back from the edges of laceration, on the 
theory that by so doing some of the larger blood vessels and sinuses with fibrous and 
muscular walls would be caught m the sutures and might prevent their cutting out 
In accordance with this plan, a three-inch, half-curved, cutting needle, with a suture 
of No 2 chromic catgut, was placed two inches back from the laceration m the 
anterior edge of the right lobe, earned straight into the liver for a depth of two 
inches, and then brought out into the laceration The needle was pulled through 
and the sutuie earned two inches into the left lobe and then out through the anterior 
edge of this lobe two inches back from the laceration Two other similar sutures were 
placed, one halfway between the anterioi edge of the liver and the dome of the liver 
and one halfway between the anterior edge of the liver and the common duct These 
three sutures were then tied snugly, whereupon the edges of the laceration were ap- 
proximated easily and accurately 

After this procedure there was practically no oozing from the liver and the 
edges remained in contact Further sutures were not introduced A gauze pack 
was placed up to the dome of the liver and another down to the common duct, coming 
up along the suture line to the anterior edge of the liver In retrospect, these packs 
were probably unnecessary, since there was no raw surface exposed and only slight 
oozing In view of the complications which developed later it would probably have 
been better to have used simple rubber dam or cigarette drams ' 

Following suturing of the liver, the lemainder of the liver, the spleen, and the 
upper abdomen were carefully explored and no other lacerations of the liver or 
spleen identified, but just below the right lobe of the liver, overlying the right kidney, 
was a large retroperitoneal hematoma, the size of a grapefruit This, as noted 
earlier, could be seen dissecting down the course of the right ureter toward the 
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pelvis Full exposure was obtained by retracting the colon downwards The posterior 
peritoneum was then incised, which permitted a mass of blood clot and free blood 
to escape The kidney was palpated and found to be extensively lacerated Palpation 
of the kidney started a profuse hemorrhage from the renal artery, which filled the upper 
abdomen with blood The renal pedicle was immediately grasped between thumb 
and finger and clamped The pedicle and ureter were divided and the kidney re- 
moved The upper pole was found to be lying completely separated from the 
rest of the kidney and the lower pole w'as almost completely severed, being at- 
tached to the central portion by only a thm bridge of tissue A small cigarette 
drain was placed down to the renal pedicle and the posterior peritoneum sutured 
Eight grams of sulfanilamide crystals was distributed through the abdominal cavity 
The abdominal wound was then closed m layers, bringing the drains out the upper end, 
two inches below the xiphoid During the operation the patient was given a con 
tinuous blood transfusion, which was continued for several hours afterwards, a total 
of 1200 cc being received Within an hour after operation the blood pressure had 
risen to 120 systolic 

Postoperative Course — The patient made an excellent immediate postoperative 
recovery In the subsequent treatment special attention was paid to several factors 
which it was feared might complicate recovery First, a careful examination, in- 
cluding roentgenologic examination, was made as soon as possible, in order to 

ascertain if other traumatic injuries were present In view of the extensive internal 
injuries m the upper abdomen, attention was particularly focussed on the possibility 
of injury to the lungs, ribs or lumbothoracic spine, but none were found In fact 
aside from lacerations and abrasions of the head and left leg and a mild degree of 

concussion, the only other injuries were simple fractures of both clavicles 

The patient was watched closely for bleeding However, there was only moderate 
serosanguineous discharge from the drains for the first few days, and never any 

evidence of active bleeding internally Several blood transfusions were administered 
to replace the preoperative blood-loss 

The question of bile# drainage was observed with especial interest, m view of 
the extensive rupture of mtrahepatic bile ducts extending down close to the common 
duct There was nevei any evidence of bile peritonitis For the first five post- 
operative days there was moderate bile drainage from the incision, which stopped 
entirely on the tenth day The stools remained brown There was no jaundice and 
the icteric index remained normal A^itamin K was administered subcutaneously 
daily for one week, as a prophylactic measure 

The complications which were especially feared, therefore, did not occur, but 
two other complications did arise which caused considerable difficulty First, infection 
During the first three days postoperative there was but little elevation of temperature 
and it was felt that with the intrapentoneal sulfanilamide the danger of infection had 
been averted However, on the fourth day, when the temperature rose slightly, and 
the white blood count remained elevated around 17,000, it was felt advisable to start 
sulfadiazine by mouth in full doses It would undoubtedly have been wiser to have 
started it the first day postoperative, as has been our custom in other cases of threatened 
peritonitis In any event evidence of undrained infection increased, the temperature 
rose to 102° F , and the white blood count to 37,000 on the tenth postoperative day 
Exploratory aspiration for subhepatic or subdiaphragmatic collections of pus was un- 
productive The next day a purulent discharge appeared from the drainage sinus in 
the upper wound, and three days later the temperature had become normal and the 
pain, which had been present in the subhepatic area, had disappeared 

At this point, the other serious complication arose During the first three post- 
operative days the patient had vomited occasionally, and it was demonstrated that 
fluids taken by mouth were not passing through the upper duodenum It was felt 
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this was due to obstruction from the packing placed against the liver, and when this 
was removed on the third day the obstruction appeared to have been relieved, so that 
by the thirteenth day the patient was able to take a full diet without discomfort How- 
ever, on the next day, three hours after supper, he suddenly vomited violently most 
of the food taken that day and, simultaneously, completely disruptured his abdominal 
incision from the symphysis pubis to two inches below the xiphoid, almost entirely 
eviscerating his small intestines The drainage sinus in the upper end of the incision 
did not give way but poured its purulent discharge down over the eviscerated intestines 
In the process of resuturing the dehiscent incision, palpation of the upper abdomen 
revealed consideiable induration around the drainage sinus, involving the duodenum, 
but there was no evidence of any undramed pus collection There was no evidence 
of any old or recent general peritonitis The transverse colon had become firmly 
adheient to the anterioi peritoneum adjacent to the drainage sinus This was freed 
with some difficulty and the incision was then resutured after eight grams of sul- 
fanilamide crystals had been distributed throughout the lower abdominal cavity 

The patient recovered very quickly from this second operation He was given 
sulfadiazine by mouth in full doses, and, after a slight temperature rise up to ioi° F 
for a few days, his temperature reached normal in one week, where it remained In 
a few days he again began to retain fluids and soft solids, and had normal brown 
bowel movements He was not distended However, each night he complained of 
epigastric fullness and vomited six to ten ounces of brown fluid A small amount of 
barium was given by mouth at this time (four weeks after his first operation) and 
showed a partial obstruction in the region of the duodenum, with only a slight 
residue at six hours Conservative treatment was followed for another week, but he 
continued to vomit daily and was unable to maintain an adequate food intake The 
vitamin intake was carefully maintained artificially (especially B complex, C and K), 
and the blood chemistry remained normal — N P N 32, serum protein 8 2% plasma 
protein 8 1%, and plasma chloride o 513 mg% However, the patient continued to lose 
weight and stiength rapidly, and it was decided to perform a jej unostomy for feeding 
purposes and, if feasible, to free-up whatever obstruction might be present 

Four and one-half weeks after the first operation, therefore, a new incision was 
made lateral to the left rectus muscle m the upper abdomen Exploration revealed 
that the induration around the duodenum had entirely subsided and that the present 
obstruction was m the upper jejunum There was evidence of an extensive peritonitis 
having developed following the second operation, as a result of which several loops 
of jejunum had become adherent to the under surface of the incision and to each other 
These loops were successfully mobilized and jej unostomy performed as planned 

Again, the patient withstood the operation very well He was started on jej unostomy 
feedings on his third postoperative day, and fluids by mouth were added on the tenth 
day At the end of three weeks he was taking three full meals a day by mouth, and 
the supplemental jej unostomy feedings were stopped One week later roentgenograms 
of the stomach showed no residual after two hours There was still some dilatation 
of the second and third portions of the duodenum, but no obstruction The patient 
was discharged from the hospital the next day, four weeks after his jejunostomy, and 
eight and one-half weeks after his injury, with bis incisions all completely healed, and 
with clinically normal liver function 

Subsequent Cowse — During the six months which have elapsed since his dis- 
charge from the hospital this patient has been examined at frequent intervals He has 
gained weight rapidly and continues in excellent health, with normal liver, intestinal 
and kidney function He returned to woik two months after leaving the hospital and, 
when last heard from, was applying for a job at the Navy Yard, after having been 
rejected for the Army by his local draft board 
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SUMMARY 

The interesting features of this case seem to be (i) That such a 
massive luptuie of hvei tissue could be so satisfactoi ily lepaired with onty 
three interrupted No 2 chromic sutures (2) It was rather astonishing, 
but very instructive, to find so little postoperative oozing, and to have such 
a relatively short peiiod of bile diainage Apparently, when lacerated liver 
tissue IS accuiately approximated the ruptured bile sinuses and blood vessels 
heal rathei lapidly (3) The dangei of infection when bile sinuses are 
opened is well known, but was not sufficiently considered in this case In 
all cases of this type it would, undoubtedly, be safer to assume that infection 
of the lacerated tissue will be present and give maximum treatment with the 
sulfonamides (sulfanilamide locally, and sulfadiazine by mouth or paren- 
teially) from the beginning (4) The dangei of using large gauze packs 
against the liver was deinonstiated in this case, as has been previously noted 
by others The packs weie undoubtedly unnecessary At best, such packs 
aie a ciude and primitive foini of treatment and, although they may at times 
be a necessary hfe-saving procedure, they must frequently be considered, as 
m this instance, a confession of lack of surgical judgment Finally, to those 
who may still legaid some phases of liver suiger}'^ as hopeless, demonstration 
is heiewith afifoided that m this instance the patient recovered, and weathered 
several subsequent seiious complications, in spite of a most extensive rupture 
of the liver complicated by a tuple i uptime of the right kidney, with its 
additional, attendant hemorrhage and shock This fact, incidentally, is of 
some interest m itself, for m reviewing the literature, there does not appear 
to be any previously repoi ted instance of recovery of a patient with a massive 
1 uptime of the liver complicated by anothei serious mtra-abdominal injury, 
although several such cases have been reported which ended fatally 
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TEMPOHAJRY OCCLUSION OP THE PORTAL VEIN AND 

HEPATIC ARTERY 

REPORT OF A SUCCESSFUL SUTURE OF AN INCISED 
PORTAL VEIN WITHIN THE LIVER 

W Wayne Babcock, M D 

PHILADEtPHIA, Pa 

FROM THE SURGICAL DEPARTMENT TEMPLE UMVERSIT^ PHILADELPHIA PA 

Few instances of successful suture of the portal vein have been lecorded 
Hallopeau^ sutured a 6 or 7 Mm bullet wound of the anterior surface of the 
portal vein 111 a woman, age 35, who had shot herself 111 the epigastric region 
with a 9 Mm revolver On admission, her condition was not alarming but 
a large amount of black blood was found in the peritoneum The opening 
in the portal vein was closed with one No o catgut and several No 16 linen 
sutures There also was a perforation of the left lobe of the liver, which 
did not bleed during the operation A dram was inserted There Avas no 
jaundice, and the patient was able to leave the hospital 111 less than 15 days 
after admission 

GiorgF sutured the liver and an irregular wound of the internal surface 
of the portal vein of a man who had been shot five times and also had a 
spinal wound with paraplegia Seven silk sutures were introduced in the 
vein The patient died about two months later of bilateral pui ulent pyonephr- 
itis The sutured portal vein was peivious Giorgi mentions Schulte’s case 
of suture of the portal vein, injured during operation, as the only other case 
of direct suture of the portal vein This patient died four days after the 
operation, but the sutures were found to have held 

Romanis^ operated upon a soldier 23 hours after he had sustained a 
lacerated wound of the portal vein from a fragment of high explosive shell 
which also had torn the liver A plug was placed m the wound of the 
liver and two artery forceps weie clamped m a longitudinal direction on the 
vein The plug was withdrawn the second day and the artery forceps 
removed the third day after operation The patient died of a secondary 
hemorrhage, but from the right renal artery, on the eighth day 

Stemdl’s'^ patient, a woman, age 39, apparently lived about ii months 
with thrombosis of the sutured portal vein She had during seven hos- 
pitalizations a subtotal gastrectomy for ulcer and a cholecystectomy for 
cholecystitis and cholangitis Finall}^ in the separation of adhesions in an 
attempt to perform a choledochohepatostomy, the portal vein, a bile duct 
and an artery, were torn in two Although the central stump of the portal 
vein was only one centimeter m length, a very difficult, circular, end-to-end 
anastomosis, with paraffimzed silk sutures, was accomplished After removal 
of the vascular clamp, blood was observed to pass through the sutured 
vessel to the liver Six months later the patient was discharged with a 

833 



W ^VAYNE BABCOCK \nnals or surgery 

December 19 42 

persistent biliaiy and duodenal fistula, and died ii months after operation 
Necropsy revealed a suppurative cholangitis, abscess of the right lobe of the 
liver, biliary and duodenal fistulae, and an abscess of the parotid A portal 
thrombosis was found which was believed from the symptoms to have started 
on the ninth postoperative day From this experience Steindl suggests that 
in suturing the portal vein clamps should not be used, but that an index 
finger be passed into the foramen of Winslow to lift the vein forward and 
control the bleeding during the introduction of sutures 

In the following personal case the patient, at a fifth operation for 
biliary obstruction, had the portal vein accidentally incised within the liver 
This occurred as the hepatic orifice of a biliary fistula was being enlarged 
For three days hemorrhage was partly controlled by hemostatic forceps and 
then, under provisional clamping of the portal vein and hepatic artery, 
the opening m the poital vein was closed successfully by sutures Later 
the biliary fistula which developed was anastomosed into the duodenum 
This, and a case of resection of the left lobe of the liver are presented to 
illustrate the feasibility and possible occasional usefulness of a temporary 
occlusion of the portal vein and hepatic artery 

CASE REPORTS 

Case I — Mrs A B , white, age 38, was admitted to Temple University Hospital, 
March S, 1941. with a history of severe attacks of epigastric pain, relieved by morphine, 
but followed by jaundice, which began two yeais before and for which she had under- 
gone four operations The jaundice was associated with intense pruntis, acholic stools 
and dark-colored urine 

The gallbladder had been removed in May, 1939, with relief for five weeks, when 
the attacks recurred The patient returned to the hospital, where she remained for 
seven months Reoperation was delayed on account of continued fever Aspiration 
and roentgenologic study after air injection was made three times in the fall of 1939 
without finding any evidence of a subphrenic abscess In January, 1940, a second 
operation and later two additional operations were performed At the fourth operation 
a rubber tube was buried in the biliary tract The patient returned to her home in 
February, 1940, suffering from mild recurrent attacks of upper abdominal pain which, 
after five months, became severe, and again were associated with fever and jaundice 
In June, 1940, she had returned to the hospital for about a month, in August, 1940, 
for 20 days, and m October for 15 days The treatment at these times was mainly 
dietetic 

On admission, we found the patient jaundiced but fairly well nourished although 
the mucous membranes were pale There was a^ vertical right upper rectus scar 
and a second depressed oblique scar along the right costal border, extending from the 
ensiform to the axillary line, both healed 

Laboiatoiy Data Hemoglobin 65 per cent, erythrocytes 313, leukocytes 5,700, 
P 62, L 28, M 2, E 6, B 2, F 44, NF 18, no abnormal cells, cholesterol 298, 
icterus index 24 units van den Bergh direct, moderate delay, indirect 09, cholesterol 
esters 162, per cent esters 54, prothrombin' specimen clotted Unite Nothing abnormal 
Roentgenologic Stndv The intrahepatic biliary ducts of very large caliber, and filled 
with gas from an abnormal anastomosis with the gastro-intestinal tract (Fig i) The 
liver shadow was well delineated and not enlarged No rubber tube was detected in 
the abdomen 

Opeiation — March 7, 1941 Under spinal anesthesia (procaine 100 mg, pontocaine 
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10 mg m 2 L), the subcostal scar was CNCised, dense adhesions between the anterior 
abdominal ivall, liver, duodenum, stomach and great omentum w'ere separated hi sharp 
dissection The gallbladder had been removed, the liver, only slightly enlarged, was 
dark green in color, with rounded edges When the very adherent stomach \vas 
separated from the posterior part of the inferior surface of the liver, a small fistula 
between the livei and stomach was divided The opening m the liver, about 4 Mm m 



Fig I — Case i Enlarged intrahepatic bile ducts delineated bv gas from the 
stomach entering through a small gastrohepatic fistula 

diameter, was irregular and did not discharge an)'^ bile although a trace of bile was 
observed in the gastric side of the fistula Probes and small scoops introduced through 
the opening into the liver removed black, lather soft, irregular calcareous masses, from 
3 to 5 Mm m diameter, wdiich evidently had occluded the fistula The instruments 
entered very spacious intrahepatic bile ducts No extrahepatic bile ducts w’ere located 
Fused in the dense adhesions, deep and slightly medial to the opening m the Iner 
an elastic tubular structure, about 12 Mm in diameter, was palpated, which apparentlj 
entered the liver near its posterior edge Aspiration of venous blood through a fine 
hypodermic needle confirmed the impression that this was the portal vein Upon 
the vein, also embedded in the adhesions, was a smaller pulsating \essel— the he- 
patic artery 
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With the intention of enlarging the anastomotic channel between the stomach and 
the mtrahepatic bile ducts, a scalpel was introduced into the small opening m the liver 
and made to cut directly backward, m the belief that the portal vein, on entering the 
hver, remained to the medial side Instantly a great gush of blood filled the wound 
and flowed from the abdomen, which we were unable to remove rapidly enough to 
permit visualization Guided by the finger, hemostatic forceps were introduced through 
the incision m the liver and clamped over the bleeding vein Not until five Bean 
forceps had been introduced side-by-side was the hemorrhage arrested The blood 
was evacuated from the wound and an attempt made to sew the vein from beneath 
the forceps The depth, the mtrahepatic location, and especially the mass of artery 
forceps in the wound made this seem impossible The opening m the stomach 
closed with inverting, interrupted, No 36 alloy steel wire sutures, a suction dram 
introduced, the wound packed with gauze, partly sutured and the patient returned 
to bed, with a blood pressure of 80/52 An intravenous drip of 5% glucose given 
during the operation was continued The operation had consumed 150 minutes 
The preoperative blood pressure (108/60) had promptly risen to 120/70 under 
cphedrine, but fell to 80/54 after 60 minutes, during the period of hemorrhage, but 
under glucose infusion temporarily rose to 90/60 near the conclusion of the operation 
A profuse flow of bile soon appeared through the drams As the patient reacted, free 
bleeding occurred from the wound, the systolic blood pressure dropped to 50, and the 
pulse rate increased to 150 The packing was reinforced, and 500 cc of typed 
blood transfused 

Postoperative Cotiise — The day following there was no further bleeding, the systolic 
pressure was 88, and there was but little drainage of bile Two days after the operation, 
there having been no recurrence of the hemorrhage, the resident surgeon cautiously 
opened one of the end hemostats Blood immediately welled through the dressings and 
the hemostat was reclamped This indicated that the patient probably would die 
of hemorrhage unless we were able to suture the incised portal vein I could conceive 
of no way of suturing the vein within the liver substance without fatal loss of blood, 
except by temporary occlusion of the vessel outside the liver To attempt to arrest 
the bleeding by packing through the opening m the hver into the greatly dilated 
mtrahepatic ducts and, possibly, inadvertently, into the portal vein itself, seemed 
only to spell disaster Realizing that the portal vein and the hepatic artery were fused 
m the dense adhesions forming the floor of the wound, it was evident that it would 
be difficult to liberate the vessel sufficiently, under the five hemostats, to apply a pro- 
visional ligature or artery clamp, without an extensive enlargement of the wound and 
separation of adhesions, which the patient seemed hardly in condition to withstand It 
was decided to attempt to locate the vein and artery by the finger and to thrust the 
blades of a thin-bladed intestinal clamp through the adhesions at each side of the 
superimposed vessels, with the hope that on closing the clamp the circulation would be 
arrested without undue traumatism 

Second Opeiatxon — ^March 10, 1941 (three days after the first operation) Under 
2 5 per cent evipal intravenous anesthesia, associated with an infusion of 5 per cent 
glucose, a test was made to see whether the bleeding would recur if the row of five 

hemostats were loosened Cautiously, the Pean forceps at the other end of the row 

from that which had been loosened the day before was opened— an immediate 
profuse hemorrhage ensued. This was arrested only partially by reclamping the 

forceps, the gauze packing was removed quickly from the wound, the portal vein 

located by palpation, and the thin, springy blades of the intestinal clamp thrust through 
the adhesions at the sides of the portal vein and hepatic artery, about two or three 
centimeters distant from the liver When the instrument was clamped all bleeding 
ceased and the five hemostatic forceps were removed without further hemorrhage result- 
ing Three No o chromic catgut sutures, passed, in part, rather blindly, through the 
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overlying layer of liver, were used to close the opening in the portal ^eln No hemor- 
rhage followed when the clamp was removed from the artery and \ein A No 24 F 
catheter was introduced into the hepatic ducts anterior to the suture line, the wound 
packed with a single strip of one-inch gauze, and a suction dram introduced to 
protect the general peritoneal cavity The blood pressure, w'hich had been 96/86 
before beginning the intravenous anesthesia, ten minutes after beginning the operation, 
fell to 66/36 — 66/32 for about 15 minutes and rose to 78/38 at the conclusion of the 
3S-minute operation It is estimated that 400 to 500 cc of blood w^as lost during the 
operation, and this, rather than the estimated 18 minutes occlusion of the vessels, 
may have been responsible for the hypotension Apparently, the portal vein had been 
incised for 10 to 15 Mm , beginning about 5 Mm within the liver substance Three 
4 to 8 Mm gallstones were found m the removed gauze The w-ound w'as malodorous 
from decomposing blood clot and bile 

Postopeiative Com sc — To our surprise, the patient had a rapid and uninterrupted 
operative recovery, the highest temperature being 100 6 ° F There was no secondary 
bleeding, the general condition rapidly improved, and much dark turbid bile, changing 
by March 17 to golden-yellow, was discharged from the aspirating dram and catheter 
By May, 1941, the abdominal wound had healed, leaving a small, freely draining biliary 
fistula in its center A third operation^ was then undertaken to anastomose the organized 
biliary fistula into the duodenum 

Thtid Opoatton — An elliptical evcision of the scar was made under a mived 
pontocaine and procaine spinal anesthesia The fistula, w'hich had been delineated by an 
injection of methylene blue solution, with a wide section of the adjacent rectus muscle, 
was mobilized, rotated 180° to the left, and anastomosed into the duodenum Two 
encircling rows of interrupted No 36 alloy steel wire sutures were used The w'ound 
was closed with interrupted sutures of wire, and a small dram inserted On the 
seventh day the temperature rose to 102® F , the w^ound was found to be indurated, 
and was partly opened This was followed by a temporary discharge of bile, w'hich 
was succeeded by complete healing The patient w’as discharged, symptomless and in 
good condition, June 17, 1941 

Subsequent Comsc — On July 6, there w^as a slight attack of pain in the upper 
right quadrant, with jaundice noticeable for one day The jaundice returned, without 
pain, for one day, on July 20 On August 3, there was an attack of pain lasting three 
days, with jaundice Later, attacks recurred about every two weeks, lasting two to 
four days each time, the pain at times requiring a hypodermic injection By March 
II, 1942, the attacks had become rather infrequent and mild The patient weighed 
142 lbs , 42 lbs more than when she was discharged from the hospital The patient 
was last seen June 19, 1942 There had been a two-day mild attack three weeks before, 
and a four-day, more severe attack eight days before, the latter with jaundice, clay- 
colored stools, and chills for three days The pain had not been severe enough to neces- 
sitate a hypodermic m the recent attacks While the stools, as a rule, are dark, 
the desirability of better biliary drainage which may require additional operative treat- 
ment is obvious 

The possible danger of suddenly interrupting the portal circulation in man 
deserves very careful consideration Ligation of the portal vein on the 
hepatic side of its branches m the rabbit may be followed by death within 
a few moments In the dog the systolic blood pressure falls to 40 or 50 
within 35 minutes and death has occurred on an average in 45 minutes 
(D B Phemister, in a personal communication, reports that he has 
recently clamped the portal vein in five dogs with an average survival time 
of 54 minutes, the extremes being 37 and 100 minutes) If, however, the 

837 



W WAYNE BABCOCK Annals of Surgcrj 

December 19 42 

poital obstruction is produced aftei a collateral ciiculation has previously 
been established, such as occurs in the expei imental animal from the forma- 
tion of a reversed Eck fistula, then the dog may, for a considerable time, 
survive the ligation It is not improbable that a somewhat similar condition 
exists m man Although the duiation of life from an acute portal obstruc- 



Tig 2 — Simple device used for tlie temporar\ occlusion of 
laige blood vessels The rubber tube may be of sufficient length 
to be clamped outside the wound 


tion may lie longei than m the dog, the peiiod of lelative safety lemains 
to be detei mined In Case i, the poital vein and hepatic aitery weie ob- 
structed for approximatelv i8 minutes, with recovery In Case 2 , while 
the obstiuction was continued over two hours, during which time the blood 
pressui e fell and then rose fi om “no registration” to 88 systolic, it is probable 
that a degiee of collateial ciiculation had been established previous to the 
operation, due to the giowth of a tumor into the vein Sixteen days before 
the opeiation the sudden development of a painful anal edema with the forma- 
tion of veiy laige internal hemori holds suggested a partial portal obstruction, 
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Simple appliance with satisfaction in anastomosis of the cardiac ends of the 
divided carotid artery and jugular vein for aneurysm of the thoracic aorta, 
for end-to-end anastomosis of the cardiac ends of the iliac artery and vein 
for two aneurysms of the abdominal aorta, and in the following case for the 
portal vein and hepatic artery to reduce the loss of blood during the excision 
of the left lobe of the liver for a large cholangioma (Fig 3) 

Case 2 —A M , white, male, age 55, was admitted' to the hospital, April 24, 1941 
He had been m good health, except for pneumonia at age 46, until two months before 
admission, when he developed a soreness m the epigastrium He immediately con- 
sulted a physician and was treated for “muscular strain,” with relief in a few days A 
week later the pain recurred and extended across the upper abdomen, with muscular 
spasm Again, somewhat relieved by rest, he resumed work for two and one-half weeks, 
when the soreness spread to the lower thorax and left side, and was considered to be 
pleuritic Three weeks before admission he became nauseated, with a dull epigastric 
pain, and a sense of fullness in upper abdomen The pain has never been severe 
He had become consUpated, except during the two days before admission, and had 
lost 20 to 30 pounds in weight The stools have been dark in color 

Physical Evanwiatiou — The patient was an emaciated middle-aged white male, 
apparently not acutely ill There was a moderate arteriosclerosis, no apparent jaundice, 
and no ankle edema There was a large, firm, tender, dull mass m the region of the liver 
Laboiatoiy Data Urine Specific gravity 1006, trace of albumin, no sugar, casts or 
abnormal cells, 67 mg of urobilinogen m 24 hours, Blood pressure 170/110, 14 Gm 
of hemoglobin, 5,060,000 erythrocytes, 6,550 leukocytes, differential count showed 71 
per cent polymorphonuclears, 24 per cent lymphocytes, i per cent eosinophils, 2 per cent 
basophils, filaments 17, nonfilaments 54, no abnormal cells, 35 mg of nonprotein 
nitrogen, 79 Gm total protein, 404 Gm of albumin, 33 Gm of globulin, A/G 
ratio I 22 Serologic tests for syphilis negative 

On May 7, 1941, with a preoperative diagnosis of malignant tumor of the liver, 
the abdomen was explored under spinal anesthesia, produced by an injection of 125 
mg of procaine, with 125 mg of pontocaine, reinforced by the local injection of 180 
cc of 1% procaine solution containing 18 minims of i 1000 epinephrine. 

Opetahon — Through a \ertical upper right rectus incision, the left lobe of the 
liver was found enlarged, from the presence of a diffuse, grayish, rather soft neoplasm 
As, from its surface, the right lobe appeared free from disease it was decided to remove 
the left lobe The hepatic artery and portal vein were first exposed through an in- 
cision in the overlying peritoneum and surrounded by tape, which was carried through 
a section of rubber tubing and sufficiently tightened to obliterate pulsations in the 
hepatic artery Extensive, and quite vascular adhesions to the left lobe were divided 
and ligated, and the lobe amputated from the right lobe along the line of attach- 
ment of the falciform ligament, the round ligament, and through the caudate lobe 
Bleeding from the divided liver surface was arrested by transfixion sutures of catgut, 
by individual ligations and gauze packing The large left branch of the portal 
vein, where it entered the left lobe, was found to be filled with soft, grayish nonad- 
herent malignant tissue instead of blood Many of the larger vessels throughout the 
lobe, as well as some of those entering the right lobe, also contained tumor substance 
The right lobe was also invaded by the neoplasm in places along the line of section 

The tape around the two vessels was released near the end of the operation, which con- 
sumed two hours and 46 minutes The patient was then considered to be in fair 

condition, although the vessels had been occluded over tivo hours 

The blood pressure before the intradural injection was 125/85, pulse 80, temperature 
98 3 F , respiration 16 Ephedrine, o 045 Gm , was then given subcutaneously Oxygen 
inhalation was used during part of the operation Twenty minutes after the intradural 
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injection the blood pressure dropped to 70/50 At 35 minutes, the sjstohc and distohe 
pressures A\ere too low to be recorded About fiie minutes later the blood pressure 
had returned to 72/60 ten minutes later to 88/70 The sjstohc pressure graduallj' 
fell after remoial of the tape being 50 sjstolic, at the close of the operation 

The marked fall in blood pressure during the period that the portal ^eln and 
hepatic arterj were occluded was transient, and resembled that seen in other debilitated 
patients under spinal anesthesia On returning from the operating room the blood 
pressure rose to 130/98 as a transfusion of 500 cc of blood was completed, and a 
continuous intra\enous drip of 5 per cent glucose started The daj' of the operation 
450 cc of bloodj serum was aspirated from the abdominal drain The daj' following 
350 cc of dark red liquid, the third daj' 300 cc of dark red hquid, the fourth daj 
240 cc of bloodj' liquid , the fifth daj 450 cc of bright red liquid , the sixth daj 240 
cc of dark red liquid, was aspirated from the abdominal ca\itj Thus, during the 
patient’s fi%e and one-halt-daj' suiwnal after the operation he lost a total of 2,030 cc 
of serum and blood During this period large quantities of parenteral fluid, glucose 
and blood for replacement, as well as Mtamin K, were gnen 

Pathologic Evamviatiou — (Dr Lawrence W Smith) Gioss The specimen con- 
sists of the left lobe of Iner measuring 19 x 14 x 9 cm The surface is nodular The 
capsule IS thickened On section the Iner parenchj'ma cannot be identified. The whole 
IS infiltrated bj tumor which is easilj expressed Larger \ essels contain tumor, although 
a few' are free Microscopically, several areas present the tjpical appearance of a 
primarj carcinoma of bile duct epithelial cell origin The cells are arranged m papillarj 
fashion, tending to form small tubular and acinar structures m an attempt to reproduce 
bile ducts The cells, for the most part, are high cuboidal and columnar in character, 
with oioid hj perchromatic nuclei placed at the base of the cell The cytoplasm shows 
^arJlng degrees of degeneratne change There are manj' mitotic figures In places 
the cells ha\e multiplied and lorm quite extensne sheets There is a background made 
up of what apparentlj, represents connectne tissue derned from the portal areas, 
in that remnants of persistent bile ducts are found The cells lining these are in manj’’ 
places hjperplastic and merge with the tumor tissue almost indistinguishablj It is 
difficult to tell how much of this stroma is residual h\er substance and how^ much is 
a desmoplastic response One outstanding feature of the lesion is the in\asion of the 
blood vessels bj tumor cells Owing to the distortion of the entire architecture, it is 
difficult to state specificallj whether these are portal leins or not, but because of 
their size it seems reasonable to assume that they are Accompanjing this tumor 
infiltration of the vessels there is an associated thrombosis in many of these vessels 
The thrombi are made up of the usual fibrin, leukocj'tes and red cells and are firmly 
adherent at various points to the \essel w'all, the endothelium of w'hich has been 
destroyed Large areas of necrosis are seen These necrotic areas, apparently', repre- 
sent tumor tissue as there is a similar shadow'j' architectural outline of the cells to 
that making up the viable part of the tumor This suggests that certain larger branches 
of the portal a essels ha^e become completely' occluded and that this necrosis is primarily 
the result of infarction In one of the sections a small amount of liver tissue is recog- 
nized, which IS being replaced bj' tumor and the desmoplastic response already com- 
mented upon Hemorrhage and extensive degeneration is universally present m the 
liver cells and in some places there is a scattering of brow'nish pigment within the cells 
suggesting some interference w'lth bile formation 

In summary', the tumor appears to be a primary carcinoma of the bile duct type of 
epithelium, more commonly' known as a cholangioma, and to be distinguished from the 
primary liver cell carcinoma or malignant hepatoma 

Pathologic Diagnosis Malignant cholangioma of liver 

Ncctopsy — The residual portion of the liver w'eighs 1,370 Gm , the removed left 
lobe 1,200 Gm The portal vein, at the hilum, contains friable neoplastic tissue and 

841 



W WAYNE BABCOCK 


\nnals of feurgerj 
Pecemljer ID 42 


clotted blood, which probably did not entirely occlude the lumen during life The liver 
has been divided 3 5 cm to the left of the gallbladder The left branch of the portal 
vein IS ligated and divided The bile ducts are patent The gallbladder is not en- 
larged and contains thick, dark bile The lungs contain about a dozen i to 25 cm 
metastatic nodules 

SUMMARY 

A successful suture of a portal vein, incised within the liver, made possible 
by a temporary clamping of the portal vein and hepatic artery, is reported 
Five cases of suture or surgical occlusion of wounds of the portal vein 
are abstracted from the literature 

A practical and simple method for temporarily arresting the circulation 
in the portal vein and hepatic artery employed in an amputation of the left 
lobe of the liver for an extensive primary carcinoma is described 
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POSTMORTEM PERITONEOSCOPY^ 

A MEANS OP LEARNING PERITONEOSCOPY 
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FROM THE EPISCOPAL HOSPITAL DEPARTMENTS OF PATHOLOGY AND SURGICAL "a” SERVICE, PHILADELPHIA PA 

Since 1901, when Kelling^ first demonstrated the possibility of endo- 
scopic examination of the abdomen, peritoneoscopy, by means of evei im- 
proved instruments, has been at the disposal of the medical profession Its 
value as an aid in diagnosis has unquestionably been established by capable 
woikeis, such as Ruddock, “ Fry,"* Frank and Starr ^ In those conditions in 
which pel itoneoscopy is indicated the method has invariably furnished more 
concise diagnostic infoimation than any combination of othei clinical methods, 
exploratory cehotom}^ excepted It is hard to imagine a leputable hospital, 
and even a whole city, vithout access to cystoscopy or bionchoscopy , yet, 
with respect to peritoneoscopy, a method of equal diagnostic utility, this situa- 
tion actually exists 

It IS inteiesting to conjectuie the reasons foi this belated enthusiasm 
toward peritoneoscopy in contrast to other foims of endoscopy Although 
the indications foi the use of the peritoneoscope are about equal in the fields 
of medicine and suigeiy, its greatest popularity has been in internal medicine 
Most surgeons have been trained along lines which cause them to prefer 
exploratoiy celiotomy to the less traumatizing pei itoneoscopy The surgeon’s 
desiie to touch, as well as observe abdominal pathology makes him reluctant 
to employ what he considers to be temporizing procedui e with peritoneoscopy 
On the othei hand, medical men, with moie suigical conseivatism, have 
made wider use of the peritoneoscope Pei haps an outstanding leasoii why 
peritoneoscopy has found few devotees is that sufficient training m the use 
of the instrument might be expected to require yeais if gamed on living 
subjects drawn from one’s private practice or chance hospital cases One’s 
diagnostic ability with the pei itoneoscope naturally increases with expeiience 
The pioblem narrows itself down to the desirability of acquiiing experience 
with the instrument by having peifoimed a substantial series of peri- 
toneoscopies 

One of the chief objectives m this repoit is to point out the fact that 
valuable expeiience may be readily gained m the autopsy room if one will 
peritoneoscope several dead bodies just previous to the routine autopsy 
Probably no other form of endoscopy lends itself so well to cadaver practice 
In the 500-bed Episcopal hospital, 298 autopsies were performed m a 12- 
month period, 1940-1941, constituting 74 per cent of all deaths Out of 

* The observations detailed m this communication are the results of examinations 
made by the author while Resident Pathologist at the Episcopal Hospital, Phila- 
delphia, Pa 
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this group, during a period of nine months, loo bodies were peritoneoscoped 
just previous to the routine autopsy The group included 53 males and 47 
females, varying m age from eight months to 85 years The interval after 
death at which the examination was performed ranged from one-half hour 
to 48 hours, the average being eight hours This study endeavored to make 
the following contributions to the field of peritoneoscopy, namely 

I The value of postmortem peritoneoscopy, both to the beginner and to 
the experienced operatoi interested in greater accuracy 
II The percentage-chance of seeing various abdominal viscera through 
the peritoneoscope 

III List of pathologic processes observed in 100 unselected bodies 

IV Comparison of clinical with peritoneoscopic accuracy in this series 

I THE VALUE OP POSTMORTEM PERITONEOSCOPY 

(1) No danger, as in the living 

(2) Technic of inserting the instrument can be mastered This is im- 
portant because of the variations from normal existing in different abdominal 
walls It IS surprising how one’s estimation of the thickness of the abdominal 
wall may be incorrect As entrance into the abdomen is a blind procedure, 
one's sense of touch with the scalpel, or pneumoperitoneum needle and trocar, 
in judging entrance into the peritoneal cavity, is all important, because this 
IS the step when the majority of reported accidents have occurred Con- 
fidence, and an educated sense of touch, may be readily acquired in the morgue 

(3) Plenty of time to study individual cases 

(4) Opportunity to observe normal as well as abnormal abdominal cavi- 
ties Although visual representation with the peritoneoscope is marvelously 
accurate, the impression gamed is very different from exploratory celiotomy 
Through the peritoneoscope, the peritoneal cavity is seen as a closed space, 
where orientation is more confusing The wide variations m contour, size, 
and color of normal viscera must be appreciated if one is to analyze and 
evaluate pathologic processes with the peritoneoscope 

(5) Immediate postmortem check of peritoneoscopic impression The 
value of this is obvious and, of itself, worthy of recommending postmortem 
peritoneoscopy, especially to the beginner In this series of 100 cases accuracy 
of interpretation was much greater in the last 50 What man doing peri- 
toneoscopy has not, on occasions, wished to really know if his diagnosis was 
correct^ Such errors in this series as misinterpreting large intestine for a 
distended gallbladder, or an ovarian cyst for a loop of small intestine, would 
have gone unrecognized but for autopsy inspection Every physician who 
reports a higher percentage of diagnostic accuracy with the peritoneoscope, as 
against clinical means, should verify as many of his diagnoses as possible 
with autopsy or exploratory celiotomy Only m this way will he convince 
himself and his colleagues of his accuracy 

(6) Opportunity to practice “positioning” the patient This applies to 
putting the body m Trendelenberg and Fowler’s positions as well as rotating 
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it to either side in ordei to bettei visualize oigaiis in less accessible locations, 
particulaily female pelvic organs, appendix, gallbladder, stomach and spleen 

(7) As a substitute foi routine autopsy In the rare instance when per- 
mission for autopsy cannot be obtained, the family may consent to examina- 
tion of the abdomen by the pei itoneoscope, and thus valuable information 
may be obtained foi the clinician 

(8) Oppoitumty to piactice biopsy technic and other forms of experi- 
mental peritoneoscopy 

II PERCENTAGE-CHANCE OF SEEING ABDOMINAL VISCERA 

In most articles on pei itoneoscopy a list of the abdominal viscera possible 
to visualize is given, but, it goes without saying, that not all of these organs 
will be seen 111 eveiy case It seemed of value to record the organs observed 
in each subject, and thereby fairly well estimate the percentage-chances of 
seeing ceitain organs In Giaph i, 111 which are listed organs common to 
both sexes m 100 unselected cases, one notes a wide variation m the success 
with which various visceia were visualized Thus, the liver was observed in 
94 instances (94 per cent), while the appendix was seen m only five All the 
organs except the spleen and appendix weie noted in 55 per cent of cases, 
or over It is felt that this lepiesents a fair cioss-section of aveiage cases 
and coincides with data obtained fiom 30 cases of peritoneoscopy performed 
on living patients 111 this institution Although the appendix was carefully 
sought foi 111 all cases, m the last 25, in which the body was tilted to the 
left side, the organ was visualized three times as frequently as when this 
position was not assumed 

In general, it is true that a spleen of normal size is not visible with the 
peritoneoscope, however, 111 this series, of the ii observed, the smallest 
weighed 90 and the laigest 500 Gins Seven visible spleens weighed less 
than 150 Gms These were encountered with the body m Fowler’s position 
and rotated to the right 

Graph 2 represents the percentage of female pelvic organs visible m 
47 females That this is not a fan ci oss-section of female pelvic organ 
visibility IS appreciated from the fact that most of these bodies were those 
of women over 50 yeais of age, m whom uterine retroveision and senility 
were prominent featui es 

III LIST OF PATHOLOGIC PROCESSES OBSERVED IN 100 UNSELECTED BODIES 

AND 

IV COMPARISON OP CLINICAL WITH PERITONEOSCOPIC ACCURACY IN THIS SERIES 

Tables I to IV list the pathologic processes considered m this study 
The first column to the left lists the processes considered, whether they were 
actually present oi not The second column, “Times Diagnosis was Con- 
sidered,” totals the clinical and peritoneoscopic opinion before autopsy The 
third column is the number of times the pathology was actually found at 
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16 

17 
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Tables I to IV 

TABULATIONS OF THE PATHOLOGIC PROCESSES OBSERVED PERITONEOSCOPICALLY XN 100 UNSELECTED 
BODIES, AND A COMPARISON OF THE CLINICAL WITH THE PERITONEOSCOPIC ACCURACY IN THIS SERIES 

Table I 



Times 

Post- 


Diagnosis 

mortem 


Was 

Confirm- 

Pathologic Process 
Miscellaneous 

Considered 

ation 

Normal abdomen 

29 

24 

Adhesions 

22 

22 

Ascites 

9 

8 

Hernia inguinal 

19 

19 

Hernia femoral 

1 

1 

Epiplocele 

3 

3 

Generalized carcinoma 

S 

1 

Generalized sarcoma 

2 

2 

Miliary tuberculosis 

1 

1 

Tuberculous peritonitis 

1 

0 

Undescended testis 

1 

1 

Peritonitis 

4 

4 

Pneumoperitoneum 

1 

1 

Hematoperitoneum 

3 

3 

Subperitoneal purpura 

2 

2 

Acute pancreatitis 

1 

1 

Suspected mass 

4 

0 

Retrocecal abscess 

1 

1 

Mesenteric thrombosis 

1 

0 


— 

— 

Totals 

no 

94 



Times 

Table 

Post- 


Diagnosis 

mortem 


Was 

Confirm- 

Pathologic Process 

Considered 

ation 

Gastro-Intestinal Tract 

Carcinoma of stomach 

S 

1 

Ptosis of stomach 

2 

2 

Gastro-intestinal malignacy 

4 

1 

Diverticulosis 

7 

7 

Ruptured appendix 

1 

0 

Appendix in hernia 

1 

1 

Perforated bowel 

1 

1 

Totals 

21 

13 

Spleen 

Splenomegaly 

2 

2 

Chronic perisplenitis 

2 

2 

Acute toxic splenitis 

1 

1 

Totals 

S 

S 


Diagnosis Made Where Pathology 


Existed Was Absent Errors 


Clinical 

Scope 

Clinical Scope 

Clinical Scope 

18 

24 

2 

3 

8 

3 

6 

22 

0 

0 

16 

0 

3 

8 

1 

0 

6 

0 

8 

17 

0 

0 

11 

2 

0 

1 

0 

0 

1 

0 

0 

3 

0 

0 

3 

0 

1 

1 

4 

0 

4 

0 

0 

2 

0 

0 

2 

0 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

4 

0 

0 

4 

0 

0 

1 

0 

0 

1 

0 

0 

3 

0 

0 

3 

0 

1 

2 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

4 

0 

4 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 


— 

— 

— 

— 

— 

39 

90 

13 

3 

69 

7 


II 

Diagnosis 

Made Where Pathology 

Errors 

Existed 

Was Abseni 

Clinical 

Scope 

Clinical 

Scope 

Clinical 

Scope 

0 

0 

3 

0 

4 

1 

0 

2 

0 

0 

2 

0 

1 

0 

3 

0 

3 

1 

0 

4 

0 

0 

7 

3 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

8 

7 

0 

19 

s 

2 

2 

0 

0 

0 

0 

0 

2 

0 

0 

2 

0 

1 

1 

0 

0 

0 

0 

— 

— 

— 

— 

— 

— 

3 

5 

0 

0 

2 

0 
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Pathologic Process 
Liver 

1 Chronic passive congestion 

2 Portal cirrhosis 

3 Fatty metamorphosis 

4 Chronic perihepatitis 

5 Hepatomegaly 

6 Hemiangioma 

7 Metastatic carcinoma 

8 Cholangioma 

9 Amyloidosis 

10 Acute yellow atrophj 

1 1 Subacute yellow atrophy 

Totals 

Gallbladder 

1 Distended gallbladder 

2 Cholelithiasis 

3 Chronic cholecystitis 

4 Pencholecystic abscess 

Totals 


Pathologic Process 
Female Pelvis 

1 Uterine retroversion 

2 Absent uterus 

3 Uterine fibroid 

4 Sarcoma of uterus 

5 Pelvic malignacy 

6 Absent uterus and adneva 

7 Hydrosalpinx 

8 Ovarian cyst 

9 Chronic salpingitis 

10 Absent fallopian tube(s) and 

ovary 

1 1 Varicosities of ovarian vein 

12 Lithopedion m oviduct 

Totals 


Pathologic Process 
By Section 

1 Miscellaneous (Table I) 

2 Gastro-intest tract 

(Table II) 

3 Spleen (Table II) 

4 Liver (Table III) 

5 Gallbladder (Table III) 

6 Female pelvis (Table IV) 


Table III 


Diagnosis Made Where Pathology 


Times 

Diagnosis 

Was 

Considered 

Post- 
moi tem 
Confirm- 
ation 

E-isted 

Was Absent 

Errors 


Clinical Scope 

Clinical Scope 

Clinical Scope 

19 

19 

15 

19 

0 

0 

4 

0 

11 

9 

3 

9 

2 

0 

8 

2 

s 

5 

2 

5 

0 

0 

3 

0 

11 

11 

0 

10 

0 

0 

8 

2 

5 

3 

3 

4 

1 

1 

‘1 

2 

3 

3 

0 

2 

0 

0 

3 

1 

2 

1 

1 

0 

1 

0 

2 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

2 

1 

0 

1 

1 

0 

2 

0 

1 

1 

1 

1 

0 

0 

0 

0 

— 

— 

— 

— 

— 

— 

— 

— 

61 

55 

27 

53 

5 

1 

31 

8 

8 

7 

2 

7 

0 

1 

5 

1 

11 

10 

3 

2 

0 

2 

7 

10 

4 

3 

0 

3 

1 

0 

4 

0 

3 

3 

1 

2 

0 

0 

2 

1 

— 

— 

— 

— 

— 

— 

— 

— 

26 

23 

6 

14 

1 

3 

18 

12 


Table IV 

Diagnosis Made Where Pathology 


1 nuns 


' 



■» 



Diagnosis 

mortem 

Existed 

Was 

Absent 

Errors 


Was 

Confirm- 

. 












Considered 

ation 

Clinical 

Scope 

Clinical Scope 

Clinical Scope 

12 

10 

2 

2 

0 

3 

8 

11 

5 

2 

2 

3 

0 

2 

0 

3 

7 

4 

0 

3 

1 

1 

5 

2 

1 

1 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

3 

3 

0 

2 

0 

0 

3 

1 

7 

6 

0 

4 

0 

1 

6 

3 

3 

3 

0 

3 

0 

0 

3 

0 

2 

2 

2 

2 

0 

0 

0 

0 

2 

2 

0 

2 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

45 

35 

6 

23 

2 

7 

30 

22 


Tabie V 






SUMMARX OF TABI ES I TO 

IV 







Diagnosis Made Where Pathology 



Times 

Post 

, 

nil * ■ 






Diagnosis 

mortem 

Existed 

Was Absent 

Errors 

Was 






4 









Considered 

ation 

Clinical Scope 

Clinical 

Scope 

Clinical Scope 

110 

94 

39 

90 

13 

3 

69 

7 

21 

13 

1 

8 

7 

0 

19 

5 

5 

5 

3 

5 

0 

0 

2 

0 

61 

55 

27 

53 

5 

1 

31 

8 

26 ^ 

23 

6 

14 

1 

3 

18 

12 

45 

35 

6 

23 

2 

7 

30 

22 

268 

225 

82 

193 

28 

14 

169 

54 


Grand Totals 
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autopsy The next foui columns specify the nninbei of times the diagnosis 
nas made clinically and by peritoneoscopy, both when the pathology was 
present and when absent The last two columns on the right compare the 
errors It is considered an erioi if a diagnosis was made eithei clinically or 
by peritoneoscopy when the pathology was actually not piesent Foi 
example, a diagnosis of geneiahzed caicinomatosis w^as made m five bodies, 
and w^as actually present in only one Four of these diagnoses were made 
clinically, when, actually the condition was not present, and the peri- 
toneoscope dispioved It m these four cases The one case m which it was 
actually present was diagnosed correctly both by peritoneoscopy and clin- 
ically The total errors then were Clinical — ^4, pentoneoscopic — o The 
eiiors foi each method are calculated as follows Take the difference be- 
tw'een “Postconfirmation” (column 3) and “Times Diagnosis made where 
Pathology Existed” (columns 4 or 5) , and add this to the corresponding 
^roup under “Diagnosis made wdiere Pathology w'as absent” (columns 6 or 7) 
This total IS the numbei of cases in which eiror was made by each method 

The tables include all the pathologic processes wdnch came into view of 
the peiitoneoscope 111 100 postmortem cases, and no attempt has been made 
to limit it only to significant things wdnch wmuld have been of value as a 
pentoneoscopic diagnosis before death The lessons learned from this study 
the more impoitant of which have been enumerated, were both varied and 
highly instructive 

A word about technic The Ruddock peritoneoscope and method were 
used, the bladdei being catheterized 111 all cases before study The degree 
of iigoi mortis piesent m the abdominal musculature, even up to 48 hours, 
did not appreciably interfeie with visibility It was also found that a darkened 
loom was not essential as one’s eye soon learns to concentrate on the peri- 
toneoscopic field, just as the microscopist’s eye does on the miscroscopic 
field If the effect of a darkened room is desired, however, a black sheet 
may be diaped ovei the observer’s head 
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ROLE OF INFECTION IN THE PATHOGENESIS OF LIVER 
NECROSIS IN HYPERTHYROIDISM 

W C Sealy, MD 
DuRHAJtt, N C 

FROM THE DEPARTMENT OF SURGERT DUKE UNIVERSITY SCHOOL OF MEDICINE, AND DUKE HOSPITAL 

DURHAM, N C 

The importance of alleiation of livei structuie and function in hypei- 
thyroidism has been fiequently emphasized That livei function is impaired 
in most instances of hypeithyroidism has been definitely evidenced in the 
lesults of clinical tests ^ - On the other hand, stiuctuial changes observed 
in the hvei have been for the most pait chronic in character and only rarely 
acute ^ The question then is laised of the significance of this hvei dam- 
age when it does occur, and of its i elation or dependence on the state of 
hypei thyi oidism Means** has suggested that the structuial changes are not 
a part of the syndiome of hypeithyroidism but are probably related piimarily, 
if not entiiely, to secondary factors This possibility is supported by the 
woik of Haban" who obseived the occuri ence^ of liver damage in rabbits fed 
desiccated thyroid when infection was piesent, but not when such secondary 
factors weie absent This finding was recently substantiated in this labora- 
toiy^ in a study of hyperthyioidism in rabbits infected with the Shope 
papilloma 

In a fuithei study of this question to deteimine the factor or factors in 
the skin papilloma of rabbits that resulted in liver necrosis when combined 
with hypeithyroidism, the following experiments were earned out Eleven 
normal rabbits w’^ere given intradermal injections of hemolytic Staphylococcus 
awens in such a manner that large areas of infection developed in the skin 
Eleven othei normal rabbits weie given toxic doses of desiccated thyroid in 
addition to skin infection with hemolytic Staphylococctis axn eus In the first 
II rabbits no necrosis of the hvei w'as found, but in the second gioup, lo of 
the II showed maiked neciosis of the liver 

To coi relate the expeiimental data with clinical findings, eight autopsy 
cases on file in the Duke Hospital Department of Pathology w^eie studied 
Two of the eight cases showed acute changes in the liver and there was sug- 
gestive evidence that this change was due to the combination of acute infec- 
tion and severe hyperthyroidism 

In the experiments, normal domestic rabbits weie used, each kept in a 
separate cage, and fed an excess of a balanced diet Hyperthyroidism was 
induced by the daily oral administration of o 768 Gm of Armour’s desiccated 
thyioid, U S P In a previously reported experiment® this amount had been 
found sufficient to produce death in 7-15 days 111 normal rabbits wuth signs 
of toxicity, as indicated by the weight-loss, developing about 48 hours afte* 
the administration of the first dose 
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The virulent strain of hemolytic Staphylococcus awetis used was isolated 
from an abscess occurring spontaneously in a rabbit and was subcultured 
daily on blood agar slants The organisms for the inoculations were obtained 
from one blood agar slant and suspended in a constant amount of normal 
saline Up to subculture eight, the organisms retained their original virulence, 
however, after this it was necessar}^ to pass through rabbits again Daily 
inoculations of one to tuo cubic centimeters of the suspension was made in 
the skin of the back Within 24 hours after the first inoculation an area of 
inflammation developed at the injection site and, in some instances, rapidly 
spread by the lymphatics to the abdomen The lesions w^ere graded as one 
plus to show a localized area of cellulitis, tw o plus to denote beginning spread 
to the abdominal skin, three plus to indicate involvement of the abdominal 
skin, and four plus to show widespread induration of the entire abdomen 


Table I 



CONTROL RABBITS 

HAVING ACUTE 

HEMOLYTIC STAPHYLOCOCCUS INSPECTIONS 


No of 

No of Days of 

Grade of 

Survival 
Period in 

Weight-Loss 

Degree of 

Rabbit 

Infection 

Infection 

Days 

in Grams 

Liver Necrosis 

4 

3 

+ + + + 

3 

350 

0 

7 

3 

+ + + + 

1 

350 

0 

8 

3 

+ + + + 

3 

350 

0 

12 

5 

+ + + + 

5 

325 

0 

14 

6 


6 

250 

0 

15 

6 

++ 

(killed) 

6 

300 

0 

16 

6 

++ 

(killed) 

6 

150 

0 

21 

2 

+ + + + 

(killed) 

2 

375 

0 

22 

1 

++++ 

1 

150 

0 

23 

5 

+++ + 

5 

375 

0 

24 

5 

++ + + 

5 

375 

0 


The 22 rabbits used w^ere divided into tw'o groups In Group I there were 
II animals given daily injections of the suspension of virulent hemolytic 
Staphylococcus aweiis With the exception of three animals that received 
relatively avirulent organisms, death resulted in three to five days, apparently 
from the severe infection The data is summarized m Table I Group II 


Table II 


DESICCATED THYROID FED RABDi;rS HAVING ACUTE HEMOLYTIC STAPHYLOCOCCUS 

AUREUS INFECTIONS 


No of 

Amount of 
Desiccated 
Thjroid per 

No of Days 
Receiving 
Desiccated 

No of Days 

Grade of 

Survival 

Period 

Weight-Loss 

Degree of 
Luer 

Rabbit 

Day in Gm 

Thyroid 

Infection 

Infection 

in Days 

in Grams 

Necrosis 

5 

0 768 

4 

2 

+ + + 

4 

450 

+ + + + 

9 

0 768 

5 

2 

+ 

5 

425 

+ + + 

10 

0 768 

9 

6 

+ 

9 

600 

-f + 

11 

0 768 

5 

3 

+ + + 

5 

400 

+ 

13 

0 768 

7 

5 

+ 

7 

825 

-1- + + + 

17 

0 768 

3 

1 


3 

150 

+ + 

18 

0 768 

4 

2 

+ + + + 

4 

600 

-1- + + + 

19 

0 768 

4 

2 


4 

250 

-f -f + + 

20 

0 768 

3 

1 

+ + + + 

3 

425 

0 

25 

0 768 

6 

4 


6 

600 

-f + + 

26 

0 768 

5 

3 

-f + 

5 

250 

-H- + + 
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consisted of ii labbits given daily doses of desiccated thyroid in addition to 
inoculations with hemolytic Staphylococcus aureus as m Group I The ad- 
ministration of the desiccated thyroid was begun two days befoie inoculations 
were staited The pertinent data foi Group II is shown m Table II 

None of the animals m Gioup I showed any significant liver change On 
the other hand, necrosis of the liver was found in lo of the ii animals m 
Gioup II This necrosis vaiied fiom small focal and central areas to as 



Tig I — Rabbit No ii Photomicrognph sbowiiiR central necrosis of the liver in 
rabbits from the combination of hjpcrthjroidism and acute hemoljtic staphjlococcus 
infection (x 150) 


much as thiee-fourths of the liver lobule (Figs i and 2 ) The single animal 
not showing necrosis survived only 24 hours after the first inoculation with 
hemolytic Staphylococcus ameus 

In a previous report® from this laboratory it was demonstrated that 
necrosis of the liver does not occur in normal rabbits given desiccated thyroid 
until death resulted 

With this definite experimental evidence of the lesponsible factors of the 
acute liver lesions in hyperthyroidism, the autopsy cases, collected by the 
Duke Hospital Department of Pathology, were studied to determine if liver 
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necrosis existed in acute hyperth3roid reactions and, if piesent, what was its 
relation to other factors The material lepresented eight cases of hyper- 
thyroidism Of these, seven died from an acute hyperth} roid reaction, while 
the remaining one died as a result of a pulmonaiy embolus on the 14th day 
after operation and did not have an immediate severe postoperative reaction 
The findings m this group of cases are summarized in Table III where 
the degree of acute and chronic damage to the liver is classed as one plus. 



Tic 2 — Rnbbit No 9 Photomicrograph showing more se\ere grade of central 
necrosis in Iner of rabbits from the results of hrperthyroidisra and acute hemoUtic 
staphjlococciis infection (x 150) 


two plus, three plus, or foui plus Four plus changes of an acute nature are 
illustrated in Figure 3 

Evidence of acute pathologic changes of significant proportions w'as seen 
in the liver m three of the eight cases In tw o instances, the structural altera- 
tions consisted of marked focal necrosis and fatt} degeneration In A-16151 
and A-12365, the acute changes -w'ere complicated by moderate passive con- 
gestion In addition to the acute changes, Case A-16151 showed well-marked 
periportal scarring and poh morphonuclear and Ijmiphocytic cellular infiltra- 
tion The areas of necrosis were focal 111 character, as show'ii 111 Figure 3, 
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and could be separated from the slight changes resulting from passive con- 
gestion The third case was a patient apparently v ell prepared for operation, 
and without clinical evidence of cardiac failure, however, marked passive 
congestion was present, even though death occurred only nine and one-half 
hours after operation The liver here showed very extensive central fatty 
change, associated probably wuth the presence of passive congestion The 
acute changes in the remaining five cases w'ere insignificant 



1 ir I — A^ltops^ Case A 16151 Photomicrognph of hunnn li\er sliOMing ccntnl 
necrosis in -i pitient djing from In perthjroidism ond acute infection (x 150) 


The chronic lesions consisted of periportal scarring similai to that wdiich 
has been described b} other observers ^ Four of the eight cases showed 
chronic changes of this nature m significant extent while m four the damage 
w'as slight or absent In one case of the latter four, hypei thyroidism had 
been of tw o } eai s’ duration and in the other three of only six months’ dura- 
tion This seems to be significant , and a similar relationship of the duration 
of the toxicity with the degree of chronic change has been noted by Beaver 
and Pemberton, ■* 
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Discussion — Fiom the clinical and experimental data outlined, it is evi- 
dent that uncomplicated h3^pei thyi oidism severe enough to produce death 
results in no marked change in the liver structuie On the other hand, if in 
addition to this severe state of h} perthyi oidism infection or a tissue necrosis 
IS added, changes in the hvei occui Fiom the pieviously reported experi- 
ments in which the Shope papilloma was used the question was raised of the 
significance of the vaiious factois in the tumor that might m combination with 
h3fpeithyioidism lesult in neciosis of the liver The factor oi factors could 
be eithei the new glo^^th po ^e, tissue neciosis, bacteria, or bacteiial products 
The expel iments outlined in this paper show that infection alone will cause 
neciocis of the Inei in the presence of h3fperthyioidism 

Theie aie numeious leports in the hleratuie of pathologic changes iii the 
Inei in man as a result of th3u otoxicosis In the majority of the cases no 
acute changes \\ ere noted Wellei * did not observe an3'^ significant acute 
hepatic changes in a large senes of cases, and it was his opinion that the slight 
acute alteialions piesent veie not i elated to the h3'pei thyroidism However, 
Bea^el and PemhertoiT* did note a feu cases of acute changes, evidently of a 
moie seieie degree but the3 did not attempt to explain this on the basis of 
combination oi summation of 113 peith3'ioidism and other factors 

No definite conclusions can be diaun from the small group of human 
cases heie piesented to piove the necessity of a factor other than hyper- 
thyioidism in the production of li\er changes, nor is infoimation available 
in the liteiature, since tlie cases uhich have been repoited were not studied 
fiom this viewpoint Houe\ei, se\eial interesting suggestions aie evident 
In the two cases in which acute necrosis was seen, extensive infectious 
jiiocesses were present in addition to hypei thyroidism Dependence of the 
In ei changes on the simultaneous action of both infection and h3^perthyroidism 
is a definite possibilit3 In the six cases undergoing opeiation, anesthetics 
were administered, and a possible influence of cyclopropane or avertm, es- 
pecially the latter, must be considered It was apparent from these cases, 
howevei, that changes did not accompan3’’ the use of either anesthetic 
Though the anesthetics ma3^ actuall3' be toxic to the liver in the presence of 
113 perthyi oidism, several explanations of their lack of action m these cases 
are possible In those patients wuth marked h3'^perthyroid reactions death 
may have occui led too quickl3’^ for the cellular changes to become evident, 
and had the crisis gone on for a long enough time, changes may have occurred 
A second and most likely possibiht3'^ w^as that the decrease in the severity of 
the hypei thyroidism by the influence of iodine, lest, and sedation as well as 
the liver-protective action of sufificient dietaiy intake was such that the sum- 
mation of the action of anesthetics and hypei thyi oidism was not sufificient to 
induce liver necrosis 

The thyroid crisis, or stoim, is thought by some®’ to be the result of 
hepatic insufficiency On the othei hand, other observers separate the severe 
acute hyperthyroid leactions fiom the manifestations of liver insufficiency 
Maddock, Pedersen, and CoHer^^ suggested from a study of liver function and 
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blood chemistry m the thyroid crisis, that impaired liver function and the 
acute hyperthyroid reaction could both be the result of a third factor Crile^- 
found liver failure occurring usually in the second or third postopeiative day 
when the postoperative reaction is subsiding The case of hyperthyroidism 
with acute yellow atrophy reported b} Kerr and Rusk^** was interesting, in 
that the patient had only a moderately severe postoperative reaction , but on 
the nth postoperative da}' became worse, on the 13th postoperative day de- 
veloped jaundice, and on the 15th day after operation died, without the high 
temperature and pulse seen m acute hyperthyroid reactions In addition to 
this clinical evidence extremely severe experimental hyperthyroidism alone, 
producing death m seven to ten days, was not sufficient to cause liver change 
From the small number of cases presented in this article, it appears that the 
acute postoperative hyperthyroid reactions m patients well-prepared pre- 
operatively are not associated vith significant acute livei changes, and this 
IS further confirmed by the low incidence of severe acute changes reported 
by other authors Thus, there exists experimental and clinical evidence that 
the acute hyperthyroid reactions increase liver susceptibility to injury by 
other agents, lathei than the liver failure resulting in the crisis This seems 
to stress further the importance of therapeutic measures directed toward the 
protection of the liver from injury, not as formerly thought, as prophylaxis 
against an acute hyperthyroid leaction, but as a means of protecting the 
liver, if the acute hyperthyroid reaction develops 

As the reported experiments all deal Avith acute hyperthyroid reactions, 
no observations are available at present concerning the pathogenesis of the 
chronic changes observed m man There would appear to be ample evidence 
from other reports that long-standing hyperthyroidism in man does produce, 
m a majority of cases, some chronic alteration of the liver structure A simi- 
lar change was seen in four of the eight cases reviewed When one considers 
that hyperthyroidism is a disease of exacerbations and remissions and the 
high incidence of upper respiratory infection, a possible explanation of chronic 
changes in the liver resulting from the combined influence of these two 
factors IS at once apparent 

The pathogenesis of this change in the livei seen with combination of 
hyperthyroidism and infection has been discussed m a previous paper ® The 
most logical explanation seems to be exhaustion of the liver cells by the con- 
tinued severe h) perthyroidism to such a degree that toxic products, that under 
normal metabolic activity have no effect on the liver, now result in cellular 
necrosis 


CONCLUSIONS 

1 Uncomplicated experimental and human hyperthyroidism does not 
result m necrosis of the liver 

2 The combination of infection \Mth either experimental or human hyper- 
thyroidism results m necrosis of the liver 

3 Chronic lesions are present in long-standing cases of hyperthyroidism, 
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4 The relationship of the hvei lesions and thyioid ciisis is discussed 

5 The pathogenesis of the acute changes is suggested 
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CRUVEILHIER-BAUMGARTEN SYNDROME (SPLENOMEGALY 
PORTAL HYPERTENSION AND PATENT UMBILICAL VEIN)’ 

CASE REPORT 

H L Valk, M D , AND S F Horne, !M D 
WixsTOK-SALEsr, N C 

FROM THE DEPARTMENTS OF SURGERY AND MEDICINE BOWMAN GRAY SCHOOL OF MEDICINE WAKE FOREST COL- 
LEGE WINSTON-SALEM, N C 

Aside from those conditions, such as Laennec’s cirrhosis, Banti’s disease, 
portal thrombosis, etc , commonly thought of as causes of splenomegaly, 
with evidence of disturbed portal circulation, there is a rarer disorder which 
is accompanied by a somewhat similar clinical picture This is the syndrome 
described first by Cruveilhier, m 1852, and later Baumgarten, m 1908, 
and characterized by poital h3'pertension with splenomegaly and evidence 
of excessively prominent umbilical circulation, 1 e , visible abdominal veins 
and a venous thrill and murmur 

Although this syndrome has been recognized in the European liteiature 
for a number of decades, the fiist discussion to appear 111 English was that 
of Armstrong, et al^ (1942), who believe that any patient who presents the 
picture described by Cruveilhier and Baumgarten merits the diagnosis of 
Cruveilhier-Baumgarten syndrome, and those cases which show at autopsy 
a patent umbilical vein with an associated atrophic liver with little or no 
fibrosis would be consideied as instances of Ci uveilhier-Baumgarten disease 
Armstrong, and his coworkers, were able to find 52 previously reported 
cases, and to these they added thiee patients whom the}”^ had studied 

We have recently had the opportunity to observe a patient with this 
unusual disoider, and the puipose of this communication is to add to the 
literature another instance of this syndrome The clinical findings as well 
as the findings at the time of operation are presented 

Case Report — V L J, male, age 20, was admitted to the Medical Service, 
March 3, 1942, with a chief complaint of a diarrhea, with seven to nine watery 
stools daily for eight weeks There had been no bloody, tarry or acholic stools 
There were no significant findings in the family, marital or past histones, except 
that one of his 3munger brothers, age sev^en, also has a splenomegalj'^ of unexplained 
etiologj 

Physical E\aimnaiiou — The patient was a well -developed and well-nourished boy, 
who appeared to be m good health There were several small, discreet, nontender, 
firm inguinal Ijmph nodes The abdominal veins were minimally dilated The ab- 
domen was asv mmetricallj' prominent, with a fullness m the left hypochondnum Filling 
the entire left side of the abdomen was a large smooth, nontender mass which was 
readilv movable and had an easilj palpable notch just opposite the umbilicus A 
continuous thrill, which disappeared on light pressure, was felt four centimeters 
to the right of the umbilicus Auscultation over this area revealed a constant, roaring 
hum without svstolic accentuation which could be traced laterallj and superiorlj 
toward the liver This, too, could be abolished bj light pressure 

Labotatory Data Hemoglobin 122 grams (155 grams = 100%), erjthrocytes 
4,500,000 per cc , and there was a constant leukopenia averaging 3,000 leukocjtes per 
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cc, and var3nng from 2,600 to 3,800 A typical differential leukocyte count showed 
segmented polymorphonuclears 50%, nonsegmented polymorphonuclears 8 %, eosino- 
phils 3 %, small lymphocytes 32%, laige lymphocytes 3%, monocytes 4% Of the 

three differential counts made piior to operation, one showed an eosinophilia of 6%, 

and another showed 3% eosinophils Repeated blood smears were negative for malarial 
parasites Liver function studies (icteric index, galactose tolerance and bromsulphalein) 
were all within normal limits One hour following subcutaneous injection of o 5 cc 

of I 1000 epinephrine the leukocyte count was 3,920, and the erythrocyte count was 

4.875.000, as compared with 2,850 and 4,850,000, respectively, immediately before the 
injection Bleeding and coagulation times were not increased Fragility test Hemo- 
lysis started at a concentration of o 38% NaCl and was complete at 28% as com- 
pared with the control of 0 40% and o 38% Platelet count was normal Biopsy of 
an inguinal hunph node re\ealed chronic lymphadenitis The sternal bone marrow 
was normal No varices were demonstrated in the barium filled esophagus A film 
of the abdomen after the intra\enous injection of Thoiotrast showed no defects m 
the splenic shadow' and the Inei shadow' w'as not enlarged Repeated stool examinations 
w'ere negative for blood, parasites and amoebae Pioctoscopic examination was negative 
except for a slight!} edematous rectal mucosa Repeated urinalyses were negative 

On ^farch 23, 1942 the patient w'as transferred to the Surgical Service and a 
celiotomy was performed In the abdominal wall many dilated veins were encountered, 
some of these were a half centimeter in diameter, and had to be clamped and cut 
Upon opening the abdominal ca\it} a mass of cirsoid veins, some one centimeter in 
diameter, were seen hmg directly underneath the umbilicus The umbilical vein was 
dilated and tortuous The spleen filled the entire left half of the abdomen, and had 
a firm, fibrotic appearance, with a definite bluish cast Palpation of the spleen revealed 
no adhesions to the diaphragm or surrounding structures The liver w'as questionably 
smaller than normal and had a coarse granular appearance, but w'as not typically 
hobnail Tlie portal system was not Msualizcd, but the vessels w'ere normal to palpa- 
tion The splenic pedicle was found to contain man} dilated vessels and, following 
the injection of three cubic centimeters of i 1000 adienalin directly into the spleen, 
these ^essels w'ere individual!} ligated and the spleen delivered w'lthout difficulty 
An accessory spleen, approximately 4x25 cm in sire, w’as removed A biopsy of 
the Iner was tlien taken, and the abdominal w'all anatomically approximated 

The patient w'lthstood the procedure w'cll, and his postoperative course was satis- 
factory There w'as a rather marked leukocytosis of 28 700 immediately postoperatively, 
w'hich subsequently became stabilized at about 9,000 leukocytes pei cc Two of the three 
differential blood counts made w'lthin a w'cek after operation show'ed an eosinophilia 
of 1% and 3%, respectively, w'hilc three counts made during his final ii days m the 
hospital did not show' any eosinophils The patient w’as discharged on the eighteenth 
postoperative day, and at that tune his hemoglobin w'as 148 grams, erythrocytes 

5.200.000 , leukocytes 9,400 per cc , platelet count normal and a normal blood differential 
count The abdominal venous thrill and murmur w'ere still present at the time of 
discharge 

Pathologic Examimtwii — Gioss Dr Robert P Morehead “The spleen weighs 
1700 grams The outer surface is smooth The cut surface is reddish-brown and beefy 
m appearance The fibrous tissue of the organ is not increased grossly A specimen 
of liver, which measures approximately i x o 8 x 0 6 cm , is included Microscopic 
Sections of the spleen show a small amount of diffuse fibrosis and the trabeculae are 
larger than normal The blood spaces 111 the spleen are prominent and scattered 
throughout the structure are numerous eosinophils and a few neutrophils Sections 
through the liver show periportal fibrosis and mononuclear and eosinophilic infiltration 
In certain areas active fibrosis is seen beneath the liver capsule, and here one sees 
bile duct proliferation There appears to be some thickening of the central and 
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interlobular \eins In certain instances there is some hjalinization of the thickened 
% ascular wall ” 

Subsequent Couise — The patient was last seen three months aftei discharge At 
that time he was beginning to resume his former activities Physical examination was 
not remarkable except for the venous thrill and murmur previoush described 

Comment Not onl}^ does this case contorm to the criteria stated above 
but it is, so fai as we have been able to discover, the first instance of 
Cruveilhier-Baumgarten S3nidronie in which splenectomy and liver biopsy 
have been performed The splenectomy was not undei taken in an attempt 
to alter the pathologic process, but because it was our opinion that the 
possibility of traumatic rupture of the spleen in a young farm boy was very 
real It will be of considerable interest to see if the life of this patient is 
prolonged over that of those previously reported Most of the reported cases 
have died of portal decompensation or of hepatic insufficiency, and the average 
age at death was 30 4 3'ears m those instances where the umbilical vein 
■was patent, contrasted to an average of 38 2 3'ears for the entire unselected 
group The exact cause of death was determined in on^^ one-third of the 
cases and, of these, hematemesis was the most frequent terminal episode 
The presence of an eosinophilia of 6% in one of the three preoperative 
difterential blood counts, and 3% eosinophils in anothei, in the absence of 
intestinal parasites, and the common causes of eosinophilia, is an interesting 
finding m this case Diffieiential blood counts postoperatively w'ere within 
normal limits (two of six counts showing 1% and 3% eosinophils) Diffeien- 
tial counts aie recorded in onl3'^ 108% of the cases reviewed by Armstrong, 
ct al , and there is no mention of an eosinophilia However, in view of the 
numerous eosinophils found in this patient m the liver and spleen, it would 
seem that eosinophils should be looked foi m futuie cases 

A constant leukopenia, on the other hand, has been frequently observed 
in this condition, and it w^as a consistent and striking finding in our patient 
In the previously reported cases, m which a leukoc3''te count was lecorded 
(15), a leukopenia was present in 466%, and three other cases had a leuko- 
cyte count of less than 6,000 In our patient the postoperative leukocytosis 
of 28,700 was expected How^ever, following splenectom3^ the leukocyte count 
became stabilized at a noiinal figure, and has remained behveen 7,500 and 
9,500 for three months We believe that a persistent leukopenia of below 
4,000 IS an impoi tant addition to the critei la for the diagnosis of the Cruveil- 
hier-Baumgarten syndrome 

While the differentiation of this S3mdrome from the more common causes 
of splenomegaly combined with signs of disturbed portal circulation, such 
as Laennec’s cirrhosis Banti’s disease, etc , is important, it is perhaps more 
difficult to be sure that the patient does not have either portal thrombosis 
or that rare condition — a primary splenic tumoi It was suggested that 
the response of the blood leukoc3'te and erythrocyte counts to the injection 
of adrenalin might be of value in determining the diagnosis of splenic 
thrombosis This procedure consists of the subcutaneous injection of o 5 cc 
of I 1000 adienalin and lecording the leukocyte and erjThrocyte counts im- 
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mediately befoie and one houi following the injection In oui patient this 
pioceduie piodticed lesults which \Neie not conclusive enough to infer 
patency of the splenic vein oi to postulate a thiombosis The procedure 
was, theiefoie, of no value in demonstiating patency of the poital circulation 
We believe that visualization of the spleen by means of intravenous thoro- 
trast IS the most valuable proceduie to lule out a pi unary splenic neoplasm 
There was no evidence of such disease m oui case 

The findings in the present case suggest that Armstrong, ct al , ai e coi - 
lect in then assumption that the clinical picture in this syndiome is probably 
dependent upon poital hypei tension associated with patency of the umbilical 
vein and consequent shunting of the blood away fiom the liver into the 
systemic cii dilation This paiticulai anatomic aiiangement can be produced 
by a variety of etiologic factois, as is pointed out in the cases summarized 
by Armstrong Although in those cases theie was no lefeience to the occur- 
ence of this disordei in moie than one membei of a family, it will be of 
particular interest to follow oui patient’s youngei brother regaiding the 
etiology of his splenomegaly 

We believe that an} patient who show's splenomegaly wuthout hepato- 
megaly, distended abdominal veins an abdominal venous thiill and muimur, 
a persistent leukopenia and an eosinophiha. merits the diagnosis of Cruveil- 
hier-Baumgai ten disease We agiee with Aimstrong, et al , that the piesence 
of the venous thrill and muimui is the most impoitant feature from the 
standpoint of diagnosis, but w'e also feel that leukopenia and, if piesent, 
eosinophiha, aie impoitant findings in this unusual disoidei 

SUAIMARY 

A case of Cruveilhier-Baumgarten syndrome is being leported This is 
the 56th case of this condition to be desciibed, and tbe first m which splen- 
ectom} and livei biops} have been performed 
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DUODENAL TUMOR OF UNUSUAL CHARACTER 
Richard T Shackelford, M D , A Murray Fisher, M D , 

AND 

Whitaier B Piror, MD 
Baltimore, Md 

This paper has been prepared for the purpose of recording a case which 
should be of particular interest to the internist, pathologist, radiologist, and 
surgeon, for the following reasons 

1 It demonstrated an unusual cause for the presence of vague epigastric 
distress associated with diarrhea, occult blood in the stool, anemia, and loss 
of weight 

2 The pathologico-anatomic lesion is of interest, and its origin provocative 
of discussion 

3 The roentgenogram was deceptive, and of great interest 

4 The case can be added to that increasing, but relatively small, number 
in which a malignancy of the ampullary portion of the duodenum and adjacent 
pancreas has been successfully removed So far as can be determined, it is 
the only myosarcoma in the more than 125 cases reported in that series 

Case Report — The patient, a married woman, age 61, was first seen by one of us 
(AMF), August 9, 1941, being referred by Dr Wilbur Skillman At this tune her 
complaint was anemia for five years, and diarrhea for three months The family history 
was not important, her father and mother having both died in their 8o’s The patient had 
had a bad attack of rheumatic fever at 19, with no return of joint pains until an attack 
of arthritis four years ago, which involved all her joints, with swelling and pain These 
symptoms finally cleared up after a tonsillectomy three and one-half years ago The 
present illness dates back five years, at which time she had symptoms of weakness, 
sore tongue, numbness of the hands and feet, and constipation A diagnosis of pernicious 
anemia was made, and she was given 12 injections of liver extract antramuscularly, 
and liver and liver extract by mouth An hemorrhoidectomy was performed at this 
time because of bleeding Four and one-half years ago a panhysterectomy was per- 
formed because of a diagnosis of myomata, one of which, however, proved, microscopi- 
cally, to be a myosarcoma (Fig 7) Her recovery from this operation was uncomplicated 
and except for the arthritis which was mentioned earlier, she remained well until May, 
1941 This was three months before her examination, and she then developed rather marked 
diarrhea which continued without interruption The stools varied in number from 
4 to 8 in 24 hours They were most apt to come early jn the morning starting at 3 or 4 
o'clock, and again once or twice before breakfast The stools were always bulky, but 
never watery At first they had a yellowish, curd-hke character, later becoming grayish 
and at times foamy They were always extremely foul-smelling, but never contained 
any blood She had not suffered any severe abdominal pains but complained of some 
soreness over the left lower quadrant of the abdomen of a colicky character, and 
occasional discomfort in the epigastric region There was no nausea or vomiting Sore- 
ness of the tongue was not a symptom during this time, but she did notice that her 
gums were sore m places She occasionally noticed numbness of the hands and to a 
less extent of the feet and had some unsteadiness when on her feet, which she interpreted 
as being due to weakness 
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Physical E x aintiiaiwii —Tempeiature 99 4°F, pulse 96, blood piessure 108/65 She 
was much uiiclei w eight, rathei pale, and looked quite ill The skin was smooth and 
soft, there was no acterus and no skin lesions, but some laige brown fieckles over the 
forearms and backs of the hands The eyes weie deep-set and the lids veiy dark Dental 
plates weie woin and theie was no abnoimality to be made out of the gums, mucous 
membranes of the mouth 01 of the tongue, which was neithei smooth noi led There 
was no adenopathy The lungs ^^ele entiiely cleai, and the heait was noimal except 
for the presence of numeious exti asystoles and a soft systolic niurmui at the apex 
Abdominal examination revealed nothing except a little tenderness m the left lower 
quadrant and o\er the upper pait of the abdomen, bilateially, with a definite sensation 
of resistance in the epigastiium The 
hvei edge nas just palpable, it felt quite 
normal The spleen was not felt The 
fingernails weie quite soft and thin Theic 
was some swelling of the right leg asso- 
ciated with rathei extensne vaiicose 
veins The neuiologic examination le- 
lealed only some geneiahred muscle 
weakness sluggish knee jeiks and some 
uncertamtj of gait, apparently due to 
w'cakness there was no spasticity The 
Romberg test was negatne, and vibia- 
tory sense noimal o\er hands legs and 
spine 

Laboiaioty Data — The uiinc was 
normal except for a trace of albumin 
The hemoglobin was 77 per cent (Sahli) , 

RBC, 3,970000, WBC 6200 Dif- 
ferential Polvs 64 pei cent L 22 pci 
cent,,kIono 14 pei cent, the icd blood 
cells w'ere normal in sire and shape , no 
anisocjdosis nor poikilocj tosis , platelets 
W'ere rather scaice The sincai did not 
in the least resemble that of pernicious 
anemia 

The preliminary impiession was that 
the patient presented a historv and a pic- 
ture suggesting nontropical spiuc It w'as felt that this w'ould fit in wnth the foimei 
diagnosis of pernicious anemia, wdneh evidentlj’- was not chaiacteiistic and did not 
respond w'ell to liver therapy It w'as noted, how'evci , that if she had had sprue at 
that time it also should have showm a better 1 espouse to liver The second most 
likely diagnosis w'as thought to be caicinoma involving some pait of the gastio- 
intestinal tract 

Stool specimens w'ere examined and found to be bulky, semiformed, and to contain 
much undigested food The first specimens did not show' a definite increase m fat, as 
far as could be determined by gioss and micioscopic examination The benzidine test 
showed a strong reaction foi occult blood and the guaiac test showed a w'eak positive 
In another examination follow'ing lestriction of meat the benzidine test was again 
strongly positive 

Gastric analysis follow'ing an Ewald test meal revealed no free acid, and 10 pei cent 
of combined acid 

Roentgenologic examination of the gastro-intestmal tiact, 8/11/41, by Doctors 
Waters and Firor w'as reported as follows 
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Fig I — Roentgenognni of stomneh nid duo 
dcniiin Tftcr tlic ingestion of biiunn showing the 
filling defect in the duodemini ciused hy the 
tumor 
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“The stomach and duodenal cap are normal A defect m the duodenum is obser^ed 
extending from the distal portion of the cap into the descending portion of the duodenum 
approximately to the region of the ampulla of Vater This defect is sharply outlined, 
especially in its lower portion, and appears intrinsic rather than as the result of pressure 
from some extraduodenal mass The barium mixture passes around the defect in a thin 
stream and discloses a normal mucosal pattern along the upper and lateral margin of 
the duodenum (Fig i) Roentgenologic Diagnosis The findings indicate a neoplasm 
in the duodenum the nature of which is indefinite The vast majority of reported benign 
neoplasms of the duodenum have occurred in the duodenal cap, whereas the rare malig- 
nant lesions have been in the region occupied by this mass, but the sharply demarcated 
character of the defect in this case strongly favors benignity " 



Tig 2 — DraM ing shoM ing the site of the tumor and the extent of the resection, as u ell 
as the location of the common duct 


Some improvement in her diarrhea followed the administration of dilute hydro- 
chloric acid, a low residue, low carbohydrate diet, but otherwise she did not improve 
She was bothered a good deal with pain m the epigastrium and became increasingly 
weak and pale It was then felt that the lesion in the duodenum might well be a 
malignant one and that it might be responsible for many of her symptoms On Septem- 
ber 17, 1941, an exploratory operation was performed by one of us (RTS), at the 
Union Memorial Hospital in Baltimore 

Pieopetaiive Diagnosis Benign polyp of the ampullary portion of the duodenum ' 
Opeiation — Under nitrous oxide, followed by drop-ether anethesia, the abdomen 
was opened through an upper right rectus incision On exploration, an intrinsic mass 
the size and shape of a lemon was felt within the descending portion of the duodenum, 
apparenth attached to the posterior duodenal ivall but not elsewhere There ivere no 
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other masses seen oi felt jn the liver or other portions of the peiitoneal cavity The 
gallbladder appeared noimal The anterior wall of the duodenum opposite the tumor 
was opened, longitudinally in ordei to inspect the lesion by direct vision It was then 
seen to be an oblong, reddish, firm, polypoid mass attached to the posterior wall of the 
duodenum throughout the length of the tumor by an indurated, sessile base extending 
from about one-half inch below the pylorus to the ampulla of Vater Its location made 
preservation of the lattei impossible if the foimei was to be lemoved Resection of that 
portion of the duodenum containing the tumor (Figs 2 and 3) was decided upon 
Accordingly, the duodenum was mobilized medially by incising its lateral peritoneal 
attachments 



Fig 3 — Dnwinpr showing the nppcnnnce Tftci completion of 
the resection of the mipulHrv portion of the duodenum and put 
of the head of the pmcrcis, with a Billroth I gTstroduodenostomy, 
ligition of the common duct md cholec\stognstiostomj 

The duodenum was then transected between Stone anastomosis clamps at a point 
one inch below the ampulla of Vatei, which was at the lower border of the tumoi 
Both cut ends were carbolized The common duct was positively identified by withdraw- 
ing bile from its lumen through a small hj'^podermic needle It was then isolated and 
cut across about one inch from its entrance into the duodenal wall Its cut proximal 
end was ligated with No i chromic catgut reinforced by a second ligature of medium 
black silk The stomach was sectioned one inch above the pyloius This left the inter- 
vening segment of duodenum containing the tumor and ampulla attached to the pancreas 
along its posterior wall A small portion of the head of the pancreas was transected by 
sharp dissection at a sufficient distance to have a seemingly safe iiiaigm at the base of 
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the tumor The duodenum with its attached pancreas was then removed cn masse 
The cut surface of the pancreas was closed with interrupted silk sutures 

The unusual mobility of the remaining distal segment of duodenum made it possible 
to perform a Billroth I, end-to-end gastroduodenostomy, Avhich was accomplished by 
means of an inner continuous suture of the mucosal surfaces with No o plain catgut and 
a serosal row of interrupted fine silk sutures 

Because the common duct could be implanted into the intestinal tract only under 
marked tension, at w'as considered preferable to provide a pathway for bile by means 
of a cholecystogastrostomy which could be done wuthout any tension whatsoever This 
was accomplished in the usual w'ay wntli tw’o layers of sutures The omentum was 
placed over both suture lines and the abdominal wound closed in layers using catgut 
for the deeper sutures, silk for the skm and through and through stay sutures of 
braided silk One Penrose dram was placed down to, but not into, the peritoneum and 
brought out at the lower end of the inoision 

During the procedure the patient received a Transfusion of soo cc of citrated blood 
plus 1000 cc of 5 per cent glucose intravenously 

The operation required tw'o and one-half hours, and the patient returned to her 
room m good condition, with pulse 126, blood pressure 138/90 

The postoperative pei lod was a stormy one, being complicated by bilateral pulmonary 
consolidation, for which she received sulfathiazole , phlebitis of the great saphenous vein 
of the right leg, transitory jaundice, and generalized edema This latter was thought 
to be mainly due to a very low' serum protein level, which on September 20th, was 3 5 
grams per cent, and on September 23rd 4 i grams per cent Other laboratory studies 
were reported as follows Stool examination, on October 9th, showed much gross fat 
w'hich was stained with Sudan III A specimen examined on October i6th showed little 
fat Blood chemical studies on September 20th were N P N 29, blood chlorides 522 , 
blood calcium 8 4 , and blood phosphorous i i On September 23rd , N P N 33, blood 
chlorides 517, CO2 combining power 54 volumes per cent, and on October nth, blood 
calcium 9 2 milligrams per cent and blood phosphorous were 4 milligrams per cent 

On the 13th postoperative day the temperature which had been falling began to rise 
in daily peaks, and on the i6th postoperative day signs of free fluid in the abdomen 
appeared and the patient’s condition became critical That evening, under local 
anesthesia m her room, an opening w'as made m the healed incision and a clamp 
inserted into the peritoneal cavity There was an immediate gush of a large quantity 
(several hundred cubic centimeters) of grayish fluid containing particles of necrotic 
material A Penrose drain w'as inserted, and the patient’s condition immediately im- 
proved and continued to do so until her discharge from the hospital on her 37th 
postoperative day At the time of discharge she was ambulatory and consuming a 
low fat diet, but one high in carbohydrate and protein, with liver two or three times 
a week, and additional vitamins The w'ound had healed except for a small sinus 
at its lower border w'hich exuded a small amount of fluid This healed two weeks later 
and has remained healed 

On November 26th, she was found to be still improving and had gamed three or 
four pounds She w'as still botheied by cramp-like abdominal pains, gas and eructation 
and W'as having an average of two stools a day, which were quite light in color but 
formed or semiformed On January 5, 1942, she looked definitely better but the 
diarrhea, w'hich has never entirely cleared up, w'as now w'orse again, and m spite of 
a \ery good appetite, she w'as not gaining w'eight The diarrhea was never watery, 
but the stools were bulkj' and at times foamy in character Her hemoglobin was 
then 90 per cent It was felt that these symptoms W'ere due mainly to lack of external 
secretion of the pancreas and pancreatin was then administered in doses of 09 Gm 
three times daily, and is being continued 

She was next seen Februarj 26, 1942, when she reported that she was feeling 
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a great deal bettei and gained four mote pounds Hei dianhea was much less 
marked but she still had two oi thiee stools a day, which were quite bulky She was 
advised to continue the same legimen of treatment 

On March i8, 1942, she lepoited gieat symptomatic impiovement She was having 
almost no symptoms and had gained weight and stiength Hei color was much better 
and her general appeal ance was one of quite good health The following blood chem- 
ical studies weie made the lesults of which aie all well within noimal limits Blood 



Fig 4 — Photognph of duocicinl segment Tumor — mensuies 3j^X2^yi inches 
Co\ered bj mucosT and extending into imiscuHt wall AmpulH is situated at comei 
margin of mass 


calcium 9 5 mg per cent, blood phosphoi ous 3 g mg pei cent , total proteins 7 06 pet 
cent, and fasting blood sugar 81 mg per cent The stool at this time was semiformed, 
yellowish-brown m color, and contained no gross fat There was no occult blood by 
the guaiac test 

The patient was progressing quite satisfactoi ily until Afay 30, 1942 At this 
time, the stools were almost normal but she was having pain m the cervical spine 
She had lost some weight and the hemoglobin had diopped to 75% On June 9, 1942, 
she had much worse pain m the ceivical spine and had developed flaccid paralysis of 
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the left arm and some weakness of the left leg and of the face on that side At this 
time, she looked a great deal worse and it seemed obvious that she had metastatic 
carcinoma involving the cervical spine and brain From that time on she went down 
hill rapidly with progressive increase in paralysis, coma, and death on June 25, 1942 
An autopsy was not done but there can be no doubt that metastases from her original 
carcinoma were the cause of death 

Pathologic Eiamination — Gioss Dr W C Merkel The specimen consists of a 



Fig 6 Fig 8 

Fig 5 — No 21777 Photomicrograph of section through duodenal tumor Note regular muscular 
border Similar multinucleated gijnt cells and lack of cell patterns (xioo) 

Fig 6 — No 21777 Higher magnification of section from duodenal tumor remo\ed October, 1941 
Note large multinucleated giant cells, loose vascular stroma, and pleomorphic cell morpholog> (X2oo) 

Fig 7 — No 13555 Photomicrograph of tumoi removed (3337) Uterine fibrom>oma, viith 
encapsulation Note multinucleated cells vascular spaces and pleomorphic ced morphologv The 
uterine wall forms a straight line of demarcation (xioo) 

Fig 8 — No 13555 Higher magnification of section taken from uterine nivomi (3 3 37 ) (X200) 

segment of the duodenum, five inches m length, containing an oval-shaped, sessile polyp 
on the pancreatic side of the duodenal wall The polyp measured inches in the 
long diameter and 2^ inches in the transverse diameter, and its depth was inches 
The surface is lobular, smooth and gives the impression of a thin layer of mucosa 
(Fig 4) The cut surface is of a gravish white color forming no pattern and giving 
the impression of being glandular tissue The growth infiltrates the muscular wall 
but the serosa is uninterrupted klicroscopically, the sections form a very sharp line 
of demarcation It appears as though the muscle were displaced by the growth 
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The tumor is moderately vascular There are many well-formed blood vessels which 
would indicate tliat tliese have not existed prior to the tumor invasion There is marked 
variation m the morphology and size of the cells Multmucleated, huge giant cells are 
numerous The other cells which predominate have oval shaped nuclei The cytoplasm 
IS flocculent Mitotic nuclei are numerous There is no leukocytic infiltration, nor is 
there any stroma formed by the tumor tissue which would give support There is a 
total absence of any cell pattern There aie aieas of hemoirhage The tissue adjacent 
in some areas is pancreas while most of the surioundmg stiuctures are muscle from the 
wall of the duodenum Occasional lymphatics contain tumor cells, and the lymphoid 
stroma encountered is not infiltrated, nor does it show any evidence of resemblance to 
tumor cells which would probably lule out an endothehomatous type of sarcoma 
Pathologic Diagnosis Mj^osarcoma (comparing the growth with No 13SSS (Figs 7 
and 8) which was a m3''Osarcoma of the uteius, lemoved from the same patient m 
1937, indicates that this is probably metastatic) 

There aie seveial points about the above case which deserve fuithei 
consideration One of gieat inteiest is Avhethei the tumor lepresents a 
metastasis from the original myosaicoma of the uteius, lemoved four yeais 
previously, or whethei it is anothei primaiy tumoi m a different location 
Microscopically, the two lesions aie identical, but tbe fact that the lesion 
occurred in the duodenum, a raie, if not unique, site foi such a metastasis 
plus the fact that, so fai as could be detei mined, it is solitary, is very much 
against the possibility of its having oiiginated in the uteius On the othei 
hand, myosarcomata of the duodenum as well as multiple myosarcomata in 
the same patient have been repoited, although a veiy cursory and in- 
complete sun^ey of the hteiatuie has not levealed a similar distribution 
Our opinion favors the view that the second lesion was primary m the 
duodenum 

Another point of inteiest is the fact that the patient suffered fiom a 
sprue-type of diarrhea previous to opeiatioii This could be explained by 
pointing out that the pancreatic duct travel sed the tumor befoie joining 
the common duct and, hence, pancreatic secietions may have been blocked 
from entrance into the intestinal lumen Jaundice was not present as the 
common duct enteied the duodenum just below the tumor and m a direction 
which escaped impingement by the lesion 

The blood chemical findings are of consideiable interest In steatoirhea, 
whethei of pancreatic origin — as we assume this to be — oi due to sprue, it is 
common to find a low level of serum calcium and phosphorus These 
abnormal values have been shown to be due to poor absorption from the 
intestinal tract, as is shown by excessive fecal excretion of these substances 
while their urinaiy excretion is loweied This decreased absorption is best 
explained, at least m the pancreatogenous type of steatorrhea, as being due 
to two factors (i) The excess of fat in the intestinal contents holds vitamin 
D in solution, thereby preventing its action in piomotmg calcium absorp- 
tion and causing more of it to be excreted in the feces, and (2) calcium 
forms insoluble soaps with excessive fatty acids and cannot be absorbed 
normally Lowered serum proteins are also to be expected under these 
circumstances and may be related to an increased nitrogen excretion m the 
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feces, which does take place in the panel eatogenous-type of fatty diairhea 
in contiadistinction to the spiue-type in ^\hlch it is usually within noimal limits 
This was pointed out by Thaysen,“ uho felt that the fecal mtiogen determina- 
tion was a good cnteiion in the diffeiential diagnosis of steatorrhea In our 
patient, it is Avell to remembei, howevei, that these blood chemical studies 
weie made several days aftei the operation and weie ceitamly modified to 
some extent by the various factois^that are knoun to alter their values under 
those conditions 

The 1 oentgenogram (Fig i) uas also of interest as the smooth outline 
of the defect strongly suggested that the lesion was benign The fact that 
it proved to be malignant is uoith seiious consideiation m the inteipieta- 
tion of othei films leveahng a snnilai pictuie 

The operative attack upon these lesions was initiated by Di W S Hal- 
stead,^ who, in 1898, first removed a carcinoma of the ampulla of Vater by 
lemovmg the duodenum, performing a Billroth-I gastroduodenostomy, and 
reiinplantmg the common and panel eatic ducts into the duodenum At the 
same time he perfoimed a cholecystostoiny His patient succumbed seven 
months later from a recuirence of the tumor Since that time, other isolated 
repoits of similai pioceduies have appeared m the literature and have been 
summarized by Hunt ^ Recent interest has been stimulated by the writings 
of Whipple, ® and his colleagues, who have had pai ticular success with 
their modifications of the piocedure, while the coinage to attack this par- 
ticular case was derived to some degree from the recent success with 
which Dr I R Tumble, of this city, peifoimed a similai opeiation, which 
has been repoited elsewhere'^ The articles by Whipple, Hunt and Trimble 
can be lecominended to those inteiested m the subject as m these will be 
found a thorough histor} of the methods of surgical attack, the results, and 
a tabulation of the cases reported m the literatuie 

In reviewing the above ai tides, one or two thoughts on the technic of 
the opeiation seem worthy of mention It was pointed out by Whipple that 
a large proportion of these cases develop postopei ative drainage for varying 
lengths of time Presumably, m most instances thib has come fiom the cut 
surface of the panel eas In our case no provision was made for the drainage 
of this fluid uhich accumulated within the tightly closed abdomen and nearly 
caused the death of the patient The drainage was followed by prompt im- 
provement and recovery In any future similar opeiation it is our plan to 
provide such drainage at the time of opeiation 

Some writers emphasize the point that it is more satisfactorj'^ to reimplant 
the stump of the common duct into the duodenum, as contrasted with the 
restoration of biliary drainage by means of a cholecystogastrostomy The 
latter was performed m this particulai patient and, m our opinion, rightly so 
The duct could have been reimplanted only undei hazardous conditions of 
tension while the gallbladder lay readily adjacent to the stomach It is our 
belief that the most satisfactory opeiation is the one wdiich technically is the 
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SUMMARY 

We have piesented a case of a duodenal tumor which was of paiticulai 
interest foi the folloiMiig leasons 

1 The patient had a spiue-hke dial rhea, associated with anemia and occult 
blood in the stools 

2 The smooth outline in the i oentgenogi am suggested a benign rathei 
than a malignant lesion 

3 The tumoi was a ni^msaicoma of the duodenum, m a patient who had 
had a myosaicoma of the uteius lemoved foui yeais pieviously 

4 The lesion Yas successfully tieated by lemoving the ampullaiy portion 
of the duodenum with the adjacent poition of the head of the panel eas, and 
then peifoimmg a cholec} stogasti ostomy and a Bilhoth-I gastioduodenostomy 
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loRsiON or THE CECUM, usually with involvement of adjacent terminal 
ileum and ascending colon, is of sufficient rarity to ivairant the report of 
single cases Bundschuh,i in 1913, collected leports of no cases, to which 
Wolfer, Beaton and Ansoii^^ added 194, m 1942 The importance of the 
lesion in the differential diagnosis of right lower quadrant pain and in- 
testinal obstruction is emphasized by the 100 per cent mortality by con- 
servative treatment, the relative ease with which the diagnosis is established 
or confirmed by roentgenologic examination, and the simplicity of the 
necessary surgery early in the disease 

In their lecent exhaustive anatomic study, Wolfer, Beaton and Anson 
gioup the extieme variations in ileocolic peiitoiieal fixation into six major 
types They stiess, on the basis of the evidence in the literature, and their 
125 dissections, that not only must hypofixation (persistent common mesen- 
tery, impel feet fixation) of an adequate degree be present, but that some 
degree of hyperfixation of ileum, cecum, 01 ascending colon supplies the 
fixed point for the rotation They note that no one specific accessory 
activating factor is apparent, and conclude that physiologic maladjustments 
(hyperperistalsis, etc), acting on an anatomic predisposition, provide the 
inciting etiologic causes Hence, variable hypofixation, many possible in- 
citing causes, and other variations are found 

Rotation may be axial, m the fiontal, or in the sagittal planes, or in 
any two or all of these Dependent upon the disposition of the peritoneum, 
the twisted poition may be as little as the tip of the cecum, or as much 
as the entire colon 

Whatever the inciting cause, theie is usually sufficient earl}’- axial twist 
to obstiuct the ascending colon The ileocecal valve permits progressive 
enormous dilatation of the effectively closed loop The result of this dis- 
tention on the mural blanches of the ileocolic vessels, the latter aheady com- 
promised by tension and piessure on the trunks, is the late vascular damage 
so frequently described The location of the fixed point, the contour of the 
iliac fossa, the sacral piomontory, and the mesial origin of the mesentery, 
all apparently direct the tip of the ballooning loop towards the left hypo- 
chondnum, under the omentum, although pain localization, if any, is to the 
right lower quadrant The axis of the roentgenographic shadow may be the 
chief help in the prediagnosis of the loop as cecum As m volvulus of large 
bovel elsewhere, the roentgenographic appearance is usually characteristic 
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The teim “clockwise” in this study lefers to the fiontal aspect of the patient, 
viewed by the examiner 

Derotation and cecopexy, befoie seveie damage occuis, is adequate 
surgery, the lattei pecessaiy because of the liability to lecurience, as 
suggested in Case 2, and pi oven 111 Case 3, of this series The history of 
many of these cases indicates that paitial toision with incomplete obstruc- 
tion is chronic, acute symptoms supeivene suddenly The hypeitiophic wall 
of the ileum pioximal to the fiist tnist m Case 2 suppoits this opinion 

Case 3 is the only volvulus of the cecum we could find m the lecoids 
of the Cook County Hospital since Januaiy, 1936 The patient was not 
seen by eithei of the authois, and is discussed at length only because of the 
excellence of the clinical histoiy and of the pi oven recuiience 

Midgut volvulus in childien occuis in subjects who have a persistent 
inidgut mesenteiy, vith incomplete lotation and lateial fixation of the 
cecum and ascending colon Acute intestinal obstiuction usually occurs 
because of volvulus aiound a band at the hepatic flexuie, and, as Ladd^ has 
so veil demonstiated the cuie depends simply on division of this band 
In Case 4 prenatal lotation of the colon did not pioceed far enough to 
allow such fixation, hence the pieopeiative state was similai to the post- 
opeiative condition in Ladd’s patients opeiated upon foi midgut volvulus 
The symptoms weie appaiently due to mesenteiic toision limited to the 
ileocecal legion — hence, we have included it in this senes as a torsion of the 
cecum, although the anatomic defect miglit have peimitted a twist of the 
entire midgut 

Case I — ^^V V , colored male, age 38, was admitted to Cook County Hospital, 
at 6 P !M , April 27 1041, complaining of abdominal pain of 48 hours duration, 

and repeated emesis for 38 hours He was mtovicated on admission, and was unable 
to give a coherent histoi}, or accuiately to analyze Ins piesent symptoms He stated 
that the pain was crampy, diffuse and possibly more intense in the left lower quadrant 
He was extremelj" restless, rolling around m bed There was slight diffuse rigidity 
and pronounced tenderness ovei McBuiney’s point The bowel sounds were reduced 
one half — not obstructive in charactei Blood pressure 142/92, pulse 90, temperature 
1004° F , WBC 12,200 Cltmcal Diagnosis Acute abdominal disease, probably ap- 
pendicitis Because of the number of emergency cases scheduled, he was not brought 
to surgery until six hours after examination in the ward 

Opciation — Upon exploration through a light transveise incision (later extended) 
at the level of the anterior superior spine, cecum and appendix were not found m the 
right iliac fossa, nor could any ascending colon be identified There was a small 
amount of free fluid in the peritoneal cavity and the loops of ileum seen were slightly 
distended Theie was a yielding mass, of about seven inches diameter, in the left upper 
quadrant This was cecum, rotated 180° counterclockwise There was a common 
ileocohc mesentery, the posterior and lateral attachment of the ascending colon falling 
in Wolfer’s Class V The attachment of the hepatic flexuie was long, it was about 
this that volvulus occurred The seiosa was glistening, the bowel wall slightly dis- 
colored The loop was untwisted, and a lateral mesentery made by Waugh-type cecopexy 
Recovery was uneventful and roentgenologic examination, three weeks postoperative, 
showed a normally placed, slightly distended colon 

Case 2 — L S , white, female, age 54, moderately obese, was admitted to the 
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Cook County Hospital, Mav iS, 1941, with the complaint of abdominal cramps and 
nausea for 23 hours She had had repair of an umbilical hernia in 1918, a chole- 
cystectomy m 1929, a ventral heinia repair in 1929, and had used insulin for 10 years 
She had a transversely enlarged heart, blood pressure 164/100, vertical right rectus and 
transverse umbilical scars Her abdomen was distended, there was no localized 
tenderness Bowel sounds were reduced, nonobstructive m charactei, and she tolerated 
a two quart enema without mciease in pain Fluoroscopic examination was reported to 
show distention of entire large bowel, with fluid levels, especially in the cecum The 
pain subsided, and she was discharged May 20, 1941 


Ileum 


Tip of 
ileum 


Fig I — Case 2 Roentgenogram of abdomen showing distended cecum, and double 
loop of obstructed ileum 



She returned, May 23 1941, because of a spreading infection of the left foot, 

and complained that she had no appetite, and had almost constant mild abdominal dis 
tress Her foot was improving and her diabetes was well controlled, when, on June 
4 1941, for “the first time in jears,” she had two w'atery bow’el movements Discomfort 
persisted, and on June 6, 1941, she noted that her abdomen was distended There 
was no further stool m spite of repeated enemata In bed, at 8 a m, June 8, i94r> 
she suddenlj began to have severe, diffuse, crampy abdominal pain associated with 
nausea She v'omited once, and felt an urgent desire to go to stool , there was a small 
formed bowel movement The pain remained of about the same severity all day, the 
nausea persisted, and she ate nothing When examined 12 hours after onset, she was 
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restless, and complained of ciamps and chilliness She did not appear acutely ill 
and was afebrile Hei abdomen was markedly and symmetrically distended, there 
was no rigidity and only slight geneialized tenderness Bowel sounds were absent 
No masses or heiniae weie found Twelve hundred cc of the two quart enema was 
retained, with no increase m pain, and returned with no fecal mateiial or gas The 
roentgenogram of the abdomen is shown in Figure i Upon the history, and this 
finding, the diagnosis of volvulus of the cecum was made The W B C was 14,000 
Hb 80% The urine contained a heavy tiace of albumin 

Opaation — Undei spinal analgesia, 15 houis aftei onset, about Soo cc of blood- 
tinged fluid escaped through a light rectus incision The distended cecum and ascending 
colon was 15 cm in diametei, 25 cm in its long axis The wall was uniformly led- 
black in coloi, the serosa still glistening It was lotated clockwise 540° on its 
longitudinal axis (with ileum looped twice about it), 180° m the^ sagittal and about 
60° 111 the frontal plane There was a common ileocolic mesentery, a firm adhesive 
band from the right bum of the pelvis to the mesentery of the ileum, eight centimeters 
from the ileocecal v'alve, about which rotation occuiied Theie was marked hyper- 
trophy of the wall of the tciimnal 10-12 cm of ileum The lateial mesenteric attach- 
ment of the ascending colon extended onlv' foui centimeters down from the hepatic 
flexure Twenty minutes aftei detorsion, during which oxygen was administered, 
and ivarni towels applied to the bowel, the coloi of the segment was unchangea 
Proximal ileum and distal ascending colon were gun-bai reled, the mass exteriorized, 
and the wound closed around it 

There was slight abdominal distention 24 houis later this had disappeared at 
48 hours, and her abdomen was scaphoid, bowel sounds were heard 8-10 pei minute 
The cecum was opened by cautery on June 10, 1941 Her heart lemamed rapid, there 
was severe cough, she developed many pulmonaiy rales, and died June 12, 1941, tour 
days postoperative, of cardiovasculai failuie and pulmonary euema The wall of the 
exteriorized bowel remained red-black but not neciotic 

Case 3 — M C white, female, age 38, maiiied. was admitted to the Cook County 
Hospital at 8 p m October 24 1938, complaining of crampy pain in the lower abdomen 
and sacral region for three and one-half days , obstipation foi six days , and vomiting 
one daj She stated she had been perfectly well until ttvo yeais previously, when 
she had been m the hospital for similar sj'mptoms, tvhich lasted tliiee days At that 
time she had had an operation for “twisted bowels” Theie had been no illness in 
the interim At 2 pj>r October 21, 1938, two houis after a light lunch, she had a 
sudden, sharp epigastric ci amp She remained at hei work until 8 pm, and noted 
recurrence of the cramps about every two houis She had had two stools with dif- 
ficulty during the previous thiee days, and tried to move her bowels — thinking her 
trouble was constipation She slept fairly well, and vvoiked all the next day The 
pains became more severe, longer and moie fiequent She ate nothing until 7 pm 
T here was no increase in the distress on eating a light supper No vomiting or 
bowel movement all day She did not sleep that night because of the pain By 9 30 A m, 
October 23, 1938, the pain was diffuse, continuous and severe, and she noted severe, 
continuous sacral backache Both pains had exacerbations every 15-20 minutes She 
remained in bed all day, took no food, had no vomiting or bowel movement She 
did not sleep At 10 00 a m October 24, 1938, she became nauseated, vomited a 
little clear fluid and remained nauseated all day, until admission to the hospital The 
past history was otherwise irrelevant 

The patient was a well-developed, well-noui ished white female, moving restlessh 
about the bed Temperature 100° F, respirations 22, blood pressure 150/100 WBC 
10,200 Urine normal The abdomen was extieniely distended There was a lower 
right rectus scar The liver, kidneys and spleen were not felt, nor were any masses 
or herniae found There was slight tenderness on deep pressure, and slight voluntary 
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rigidity in the right lower quadrant There was no rebound tenderness, 4-6 low- 
pitched bowel sounds were heard each minute Fluoroscopy, at ii 45 p ■^vas re- 
ported as follows “Chest negative, right diaphragm high Liver shadow partly obscured 
by marked gaseous distention of a loop of large bowel, with considerable fluid apparently 
sigmoid volvulus’’ (Fig 2) 

Opoatwn— It was impossible to get the old chart A diagnosis of volvulus of the 
sigmoid was made, and at 3 25 a m the abdomen was opened through a lower left 
rectus incision, under spinal analgesia The cecum was enormously dilated, filling the 
abdomen from pelvis to diaphragm, the torsion was 360°, clockwise, the appendix 
wound around the twist The wall of the cecum was viable Detorsion and deflation 
by pressure, and a long rectal tube, were followed by fixation of the cecum to the 
lateial peritoneum and to that m the wound, and by tube cecostomy 



The postoperative course was uneventful, she was discharged it 5 days post 
operative, with only slight and occasional drainage from the cecostomv 

The chart from tlie previous admission disclosed that, on September 5, 1936, she 
had been found to have a iSo° volvulus of the cecum, simple detorsion had been effected, 
and she left the hospital Septembei 17, 1936 

Case 4 — 'L B , white, male, age 34, was admitted to the Oak Park Hospital 
at 4 30 p M, June 18, 194I1 complaining of colicky, right lower quadrant pain of 
four hours duration The onset was sudden, with sharp, crampy pain in the right 
loin extending over the iliac crest to the right lower quadrant but not to tne scrotum 
Weakness, sweating, nausea and vomiting accompanied the paroxysms ot pain during 
vhich he threw himself around the bed There had been no urinary symptoms He 
stated that he had had numerous similar attacks (during one of which, in 1937, his 
appendix had been removed), but none so severe as the present one Physical Examin- 
ation — Blood count and intravenous pyelogram were all negative The retrograde 
pyelograni was negative There was slight tenderness on deep pressure in the right 
lower quadrant Bowel sounds -were normal, except that twice during paroxysms, 
a few obstructive borbor3’gmi were heard Gastro-mtestinal roentgenograms, five 
dajs later, revealed elongation and angulation of the second and third portions of 
tlie duodenum, a left-sided right colon with small bowel to the right of it, and obstruc- 
tion in the terminal ileum (Figs 3 and 4) 
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Ope)ahon—]une. 24, 1941 Through a right rectus incision, the cecum was 
found lying free in the lower abdomen It was edematous and thickened The 
transverse mesocolon and omentum ended at the midcohc artery The right colon and 
small bowel were on a common mesentery which was not fixed except at its root 
Most of the small bowel was in the right abdomen The terminal ileum was hyper 
trophic, coming m from the right, it was kinked by adhesions to the anterior tenia 
of the cecum 



B 


Tig 4 — Case 4 Si\ hours after barium bj mouth A Left sided colon 
Right sided small bowel C Gas bubble m termiml ileum encircling cecum 


The redundant cecum and ileum were gun-barreled and exteriorized, after sutuiing 
the ascending colon to the anterior peritoneum for a distance of 10 cm, the wound 
closed with interrupted sutures A 15 cm -long segment was removed by cautery 
Tul> 2, 1941, and a Devine spur-crushing clamp applied This came orf July 0, and 
he was discharged July 14, 1941 On July 24, 1941, the bow^el ends and skin w^ere 
closed, he was discharged Julv 31, 1941 On January 30, 1942, the large vential 
hernia remaining, w'as repaired with a free fascial graft, there was primary wound 
healing on discharge, February 10 1942 He returned to full wmrk as a fireman, 

April I, 1942, and he has remained w'ell No cohe has occurred since the first 
operation 
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This latliei cumbeisome staged-pi ocedni e was adoi^ted as the most 
logical method of dealing with a free ledundant midgut, which could not 
be fixed m anything appioachmg noimal position, yet which lequiied fixation 
that Avould not allow heiniation tliiough apei tines oi over bands Hence 
an attempt to fix it at the hepatic flexuie oi along the light lateral guttei 
was judged impossible because of the absence of the light half of the trans- 
veise mesocolon and the defoimit}^ at the duodenojejunal junctuie 

Summary Foui cases of toision of the cecum aie lepoited All but 
the fiist hadhnoie than one attack, one had been opeiated upon pieviously 
foi the same condition The lathei leisuiely, colicky couise after the onset 
of acute pain, and the opeiative findings suggest that vasculai damage is 
late, and occnis mainly fiom distention of the loop The distended loop 
. of colon seen m the plain films can be lecognized as cecum 

CONCLUSION 

1 Volvulus of the cecum occurs only in the piesence of malfixation of the 
cecum It IS piobably chionic oi lecuiient, and obstiuctive episodes aie due 
to physiologic abeiiations, piimaiily intestinal 

2 The eaily symptoms aie mild, piogiess is slow, characterized by 
increasing!}^ seveie colic, and signs of intia-abdominal inflammation aie late 

3 Diagnosis depends upon the symptoms of bowel obstiuction and 
characteristic loentgenologic findings 

4 Fixation of the abnoimally mobile segment is necessaiy to prevent 
recurience The present ticatment of midgut volvulus m childien may not 
prevent a latei twisting on a difieient axis 
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Among the rare sarcomas or the uterus, those of myomatous struc- 
ture predominate There have been rather extensive reviews in the past 
associated with the publication of one or more case reports Knott, ^ in 
1901, collected 118 cases, and quotes Williams as having found 144 sarcomas 
of all varieties In 1905, Pequand^ wiote a comprehensive treatise on all 
foims of uteiine sarcoma He desciibed 41 which arose from the mucosa 
or the parenchyma Many ai tides have accentuated the discrepancy between 
the histologic changes and the clinical course Certain authors have pointed 
out the lack of accuiacy of moiphologic diagnosis Others have emphasized 
the use of special histologic criteria alone There has been some controveisy 
over their origin, whether primaiy 01 a secondary sarcomatous change in a 
pi eexisting leiomyoma 

With these ideas in mind, it is the object of this paper to outline the 
alterations indicative of cancer There will be included a discussion of 
the incidence, the latio to uterine carcinoma, the location in the uterus, 
and the gross and micioscopic findings The cytologic structure will be 
emphasized The material used as the basis for the investigation consists 
of surgical and autopsy specimens No clinical con elation or follow-up 
study has been attempted 

In the pathologic files of the New England Deaconess Hospital there aie 
35 lei omyosai comas of the uterus, 33 from surgical specimens and two from 
neciopsies In addition, theie are sections from two postmortem examina- 
tions, in which death was the result of metastatic leiomyosarcoma, with 
piobable origin m the uteius The uteri m these two cases had been re- 
moved in othei hospitals, presumably for tumor These cases are included 
because the}’’ will raise the incidence of leiomyosarcoma of the uterus dis- 
coveied at neciopsy m this hospital to the usually accepted figure determined 
by analysis of surgically excised specimens 

Excluded fiom the above group are 113 tumors (ili operative speci- 
mens and two from autopsies) which have been diagnosed as leiomyosar- 
coma of the uterus, clinically benign These will be discussed later 

The routine stains used were hematoxylin and eosin on alcohol-formalin- 
fixed and celloidin-embedded material or eosin-methylene blue and Mallory’s 
phosphotungstic acid-hematoxylin on Zenker’s fixed blocks Many speci- 
mens were stained by all methods, while some were treated with hematoxylin 
and eosin only Since the celloidin-embedded sections were thicker than the 
othei s, hence more suggestively cellulai, it was necessary to evaluate them 
Mith greatei care Use of one of the loutine connective tissue stains will 
facilitate diagnosis 
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Because of the peisonal factor, attempts to giade tumois aie often 
unsuccessful Neveitheless, with reasonably impartial study, it was possible 
to divide the mateiial into thiee specific groups By histologic data alone 
the 35 leioniyosai comas aheady mentioned were classified as follows 20 
were Giade III (all surgical) and 15 weie Grade II (13 surgical, and two 
autopsy) The 113 cases mentioned above as clinically benign weie listed 
as Giade I 

The ciiteiia by which leiomyosai comas aie placed 111 Giade III are 

1 Cellulanty Maiked in ii, moderate m 8, and slight in i 

2 Mitoses Marked in 16, moderate m 4 

3 Pleomorphism Marked m 6, moderate in 5, and slight in 9 

4 Bizarre nuclei Maiked in 7, moderate in 6, and slight in 7 

5 Hyperchromatism Marked in 7, model ate in 7, and slight in 6 

6 Increased nuclear-cytoplasmic ratio Marked 111 ii, moderate m 5, and slight 111 4 

7 Loss of pattern or architecture Maiked in 10, moderate m 6, and slight in 4 

8 Anaplasia Marked in 7, moderate in 4, and slight m 9 

9 Multinucleation Marked in 4, model ate in 6, and slight in 10 

10 Tumor giant cells Alarked in 4, modeiate in 5, and slight in ii 

11 Invasion Marked in 7, modeiate m 4, and slight in 9 

12 Preservation of capsule Marked in 3, moderate in 10, and slight in 7 

13 Gradation between tumor and uninvolved tissue Marked in 5, moderate in 4, 
and slight in ii 

14 Retention of fibious elements Maiked in 2, modeiate in 5, and slight in 13 

15 Vascular slits Maiked m 5, moderate in 5, and slight in 10 

16 Blood vessel invasion Contrary to the usual teaching none was found However, 
routine Weigert stains were not made 

17 Degeneration Marked in 4, moderate m ii, slight in 5 

18 Necrosis Marked in 4, moderate in 9, slight m 7 

19 Cystic change Maiked in i, moderate in 3, slight to none m 16 

20 Metastases In one only, to an ovary It may be possible to say that an addi- 
tional one showed metastases to the lungs and pleuia, as she was autopsied 
somewhat over seven years later and presented disease in these visceia 

Obviously, these changes were not piesent in all tumors to the same 
degree, but a sufficient number, chaiacteiistic of lapid giowth and invasive- 
ness, were found to indicate then being placed in Grade III Macioscopically, 
10 of the 20 Grade III neoplasms weie the only uteiine tumors, and 10 weie 
associated with multiple leiomyomas Except for the thiee considered by us 
to be primary m origin, there was no tendency to occupy any specific muscle 
coat These thiee primary tumois weie single, small, soft, submucosal, and 
occupied the fundus On microscopic section, they contained immature muscle 
cells with little stroma The other 17 Grade III sai comas were thought to 
have originated m leiomyomas already piesent The sarcomatous transfor- 
mation occuried 111 intramuial tumors without legard to their oiientation m 
the uterus They were soft to model ately firm, often poorly encapsulated, 
necrotic or cystic, bulky, 1 eddish-brown, yellowish-brown, giay or white, 
sometimes hemoiihagic, smooth and homogeneous, and bulged above the 
cut surface 

Fifteen cases were placed in Giade II Thirteen were obtained from 

opeiative specimens and two from necropsies All weie thought to be derived 
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from pieexisting leiomyomas As m Giade III, no predilection of site was 
apparent In four of the cases the leiomyoma which underwent sarcomatous 
change was single In the remaining 1 1 thei e wei e man)^ leiomyomas besides 
the one which became malignant 

Grossly, these showed little evidence of malignancy Theie Avas some 
minimal cystic change, the capsule A\'as thin, and the center was soft 

The data used foi placing these cases in Grade II are 

1 Cellulanty Moderate in 5, slight in 8, minimal in 2 

2 Mitoses Afarked in 2, moderate in 12, slight m i 

3 Pleomorphism Alarked m 3, moderate m 10, slight m 2 

4 Bizarre nuclei Marked in 2, moderate in 12, slight in 1 

5 Hyperchromatism Marked in 5, moderate m 10 

6 Increased nuclear-cytoplasmic ratio Moderate in 3, slight in 8, absent in 4 

7 Loss of pattern or architecture Moderate m 10, slight m 5 

8 Anaplasia Moderate in i, slight m 4, minimal in 5, absent in 5 

9 Multmucleation Maiked in 3, moderate in 3, slight in 9 

10 lumor giant cells Marked in 3, slight in 7, absent in 5 

11 Invasion Moderate m 3 slight m 2, absent in 10 

12 Preservation of capsule Marked in 10, model ate m 3, slight in 2 

13 Gradation between tumor and uninvolved tissue Moderate in 8, slight m S, 
absent in 2 

14 Retention of fibrous elements Marked in 6, moderate in 8, slight in i 

15 Vascular slits Model ate in 3, slight in 7, absent in 5 

16 Blood vessel invasion None 

17 Degeneration Marked in i, moderate in 2, slight in 9, absent m 3 

18 Necrosis Moderate in 3, slight 111 i, minimal 111 4, absent in 7 

19 Cyst formation Four only showed this change, usually of minimal degree 

20 Metastasis None 

By a suivey of the above, the better differentiated leiomyosarcomas are 
less cellular, have a lower nuclear-cytoplasmic ratio, fewer mitoses and tumor 
giant cells, and, in general, shoAV closer resemblance to a leiomyoma They 
aie what some authors desciibe as “spmdle-foim” sarcomas In our opinion, 
ho\\eA’’er, the use of the desciiptive terms, “spindle and round cell,” is value- 
less because of their geneiality 

The lemaimng 113 cases listed as Grade I, and diagnosed as leiomyo- 
saicoma, clinically benign, require clarification Grossly, these are leio- 
lUAmmas On routine microscopic study, none the less, they show an m- 
ci eased numbei of noimal and abnoimal mitoses, increased cellulanty, foci 
of pleomorphism, hyperchi omatism, and tumor giant cells, and minimal loss 
of the normal parallelism of fibers With such alteration from the usual 
character of leiomyoma, it is not possible to include them as benign tumors 
Since it IS necessary to diagnose them pathologically as either benign or 
malignant, the term has been selected to indicate both histologic pictuie 
and clinical couise It is possible that by routine section a less malignant 
portion of the tumor may haA^e been studied, Avhile other regions may have 
been more anaplastic 

Discussion — The diagnosis of leiom)msarcoma is histologic, and de- 
pends upon the coirect interpi etation of morphologic CAudence Leiomyomas 
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of the uterus are so common that famihaiity with them tends to foster care- 
lessness Accuiate study piesupposes that each one is at least exposed to 
view by cutting into it If not too numeious, a section of each one should 
be studied micioscopically When such a procedure is not feasible because 
of the multiplicity, an}'- which giossly piesent some deviation fioni the usual 
pattern ought to be investigated histologically Special caie must be given 
the solitaiy, small, submucosal vaiiety 

Any leiomyoma found at postmoitem examination, and m which theie 
is macioscopic change indicative of saicoma, should be studied histologically 
In occasional autopsies theie aie saicomatous masses of smooth muscle forma- 
tion 111 organs such as the lungs, biain, intestine, and pleuia Often theie 
has been a foimei subtotal oi total hysterectomy In these cases it may be 
assumed that the piimaiy souice of the new giovth was m this excised tissue 
Regal ding the incidence, both Vogt" and Bunten-^ have charted the lesults 
of various leports Nearly all who have published senes of any size have 
made a point of emphasizing the infiequency of this neoplasm We have 
used only the 35 leiom3'Osai comas of Giades II and III m the deteimmation 
of incidence During the peiiod studied, theie weie 2,600 leioniyomatous 
uteri — 2,321 fiom suigical specimens, and 279 occuiiing m 2,830 necropsies 
This gives an incidence of i 35% which is compaiable to that obtained by 
most of the othei writei s But if we include the 1 1 3 which are clinically 
benign, the figuie uses to 56% This is in agieement with Unbehaun,^ 
who quotes Imhausei as having a fiequency of 5 3% saicomatous change 111 
all myomas opeiated upon between 1918 and 1923 When he adds question- 
able sarcomas, it is 77% For his statistics Imhausei adds the two senes 
above and obtains an aveiage of 6% Unbehaun also leviewed the sai comas 
seen between 1923 and 1932 at the same clinic Theie weie ii out of 208 
opeiable myomas with a lesultant incidence of 5 3^^ Miller and Rogers® 
reviewed the uterine sai comas at the Massachusetts Geneial Hospital between 
1876 and 1926, and found 25 m 2,043 leiomyomatous uteii, 01 an incidence 
of I 2% Pi Opel and Simpson’’' desciibe 22 malignant leiomyomas out of 
357 leiomyomas, an incidence of 6% Novak and Andeison® have analyzed 
26,973 uterine specimens Then incidence, using 59 cases, was o 22% 
Hanley and Howkins® estimate that saicoma lepiesents 1% of the meso- 
deimal tumors of the uteius and 2% of uteime malignant tumois 

Klaften and NaviatiP^ lepoit 44 cases of saicoma of the uteius ob- 
served between 1921 and 1934 Thiity-six arose m the body of the uteius, 
25 in fibromyomas During the same period there weie 1,755 caicmomas 
Despite the high figuies of UnbehauiP and Pioper and Simpson,'^ most 
writeis accept an incidence of i to 2 % The diffeience may he m the in- 
clusion of those cases placed 111 oui Giade I gioup 

Haase’^® concludes that 15 of eveiy 100 gynecologic patients have malig- 
nant tumois He desciibes 53 sai comas, of all sites, m the female geneiative 
tract There weie 38 in the uteius, 32 m the body, and six in the ceivix, 
35 weie of the wall and thiee of the mucosa 
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The ratio of saicoma to carcinoma is quoted as i 40 or 50 During 
the period of tune when the sarcomas weie seen here, there ^^ele 1,520 
carcinomas of the uteius, hence, our latio is i 43 This ^^as computed by 
using the sai comas of Giades II and III alone 

These observations scarcely justify Coiscaden’s^^ statement that “the 
development of sarcoma m a myoma is to me an academic and not a 
clinical pioblem Despite the repoit of bizaiie micioscopic pictures, called 
sarcoma by niaii}'^ mvestigatoi s of mj'omatous tissue, the autopsy rooms 
still lemain as empty of ^^omen dead of saicoma of the uteius as they did 
111 the days before hysterectomy was so universall)'- peifoimed” 

Further evidence against the accuiacy of the above lemaik is added 
by the following Five of Miller and Rogers’® 25 cases were known to have 
died of the disease, with half of them untraced, 10 of Seaiight’s^® 12 cases 
died of sarcoma eithei local 01 metastatic, and 16 of Kimbiough’s 35 cases 
were proved to be dead of the lesion 

In contrast to Coiscaden,’^ Masson^'* offers what is a more coirect im- 
pression, 1 e “ W ith complete recoi ds it would be possible to show that many 
women have died as the result of lecunent pelvic tumors following myo- 
mectomies and semuadical opeiations for tumois which were diagnosed 
benign ” 

Most -wiiteis, who have acknowdedged the oiigm of leiomyosaicoma 
m a nonmyomatous uteius, agiee that such sarcomas aie small, soft, sub- 
mucosal, supeificially eioded, and fundal m location Histologically, the 
cells are more numerous, he m less abundant stroma, show more maiked 
anaplasia, and gieatei micleai -cytoplasmic latio, and, m general, are more 
immature Wolfe^® says if thej'’ aie submucosal, they are pi unary, if inter- 
stitial, they are secondaiy to leiomyomas Kimbiough^® concludes, on rathei 
inadequate data, that primal y saicoma is thiee times moie malignant than 
those wdiich arise m leiomyomas 

There is no moie knowm concerning the origin of leiomyosarcomas than 
there is regarding the development of neoplasms elsewhere m the body 
Cohnheim’s lest-theoiy is suggested by some SeanghF® thinks that they 
may aiise fiom any of the mesodermal elements making up the uterus, and 
includes those fiom the muscle or connective tissue of the uterine wall, 
those originating m myomas of eithei the corpus or the ceivix, and those 
starting in the blood vessel wall Reel and Chailton^" believe, contiaiy to 
most pathologists, that the sarcoma cells aiise from a metaplasia of the 
connective tissue cells of a fibromyoma 

Regarding their development, Neelj'^® states that “m the pregnant uterus 
new muscle cells aie formed by diffeientiation of the small, round, undif- 
ferentiated mesenchymal cells found normally between the muscle bundles” 
“this undifferentiated muscle cell is multipotential ” 

Pequand,- wdio studied the subject as a whole quite thoroughly, con- 
sidered that nearly always the leiom) osarcoma lesulted from the malignant 
transformation of a fibroleiomyoma He recognized, how^ever, that the sar- 
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comas could arise in the paienchymal smooth muscle without any known 
preexisting tumoi He listed the following theories of oiigin 

1 Proliferation of intramuscular connective tissue (neoplasms weie actually fibio- 
sarcomas) 

2 Proliferation from blood vessel oi lymphatic walls 

3 Development of sarcoma cells from transformation of muscle fibers 

Regal ding the gross chai actei istics, we have already recoided the ciiteria 
which we believe to be indicative of leiomyosaicoma either pi unary or arising 
111 a leiomyoma 

The following pecuhaiities may indicate malignancy in a leiomyoma 

1 Unusual friability of the broad ligaments 

2 Remarkable vascularity of the tumor 

3 Absence of a shaip line of demarcation between the tumor and the myometrium 

4 Difficulty in shelling out the tumor from its apparent circumscribed limits 

5 An opaque appearance on section 

6 An edematous and sparsely fasciculated appearance of the cut surface which 
IS softer than that of a fibromyoma 

Many of the above characteristics aie applicable to pathologic study 
Nearly all wi iters include softening of a leiomyoma, change or lack of color, 
fusion with parametrium, extension into adjoining uterus, homogeneity of 
cut surface, neciotic or cystic foci, loss of charactei istic silky hue of the 
leiomyoma, prepondeiance of involvement of body, and association with 
multiple leiomyomas 

Evans^° has emphasized the histologic changes moi e than any other writer 
He gives the composite pictuie of micioscopic malignancy m the following 
outline 

1 Increase in size of tumor cells as compared with normal muscle or benign muscle 
tumor cells 

2 Shorter and plumper cells with nuclei more nearly oval than normal muscle 
or benign muscle tumor cells, round and “vesicular nuclei ” 

3 Inequality m size and irregularity in shape and arrangement of the cells 

4 Lack of “differentiation” of cells 

5 Unequal staining of nuclei and deeply-staining nuclei 

6 Presence of immense cells (protoplasmic plaques) with hyperchromatic, single 
or multiple nuclei (giant cells) 

7 Presence of mitotic figures, typical and atypical 

8 Decrease or absence of stromal fibers between the cells 

9 Thinness or absence of vessel walls 

His study IS based upon analysis of 72 cases diagnosed as ‘^sarcomatous,” 
“cellular” or “very cellulai fibromyomatous tumoi s — m about 4,000 operations 
for the cure of uterine fibromyomata ” By use of the above material he made 
a chait of the number of mitotic figures seen m 100 microscopic fields of a 
i/i2th immersion lens and graded the tumors accordingly He tabulated 
his findings as 

13 cases 2,200-12,000 mitotic figures for each cubic millimeter 

12 cases 200-800 mitotic figures for each cubic millimeter 

47 cases o-few mitotic figures for each cubic millimeter 

Many writers have had recourse to this method, and have substantiated 

his work His less malignant grade may well correspond to our gioup 
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which IS called chnicall}'^ benign 

Novak and Anderson, “ also, used the numbei of mitoses in order to 
group their cases, although they used five divisions 0-5 mitoses, 6-10 
mitoses, 11-20 mitoses, 21-30 mitoses, and 30-88 mitoses They utilized 
the chart as a piognostic as veil as a diagnostic pioceduie Death occurred 
more frequently, and earlier, m the cases wheie the tumor showed the 
highest number of mitoses 

Despite the implied accuracy of the above analyses, it is not conducive 
to place too much lehance upon one histologic featuie alone We believe 
that many of the moiphologic a'teiations mentioned by us are just as reliable 
Certainly, cellularity, increased nucleai -cytoplasmic ratio, loss of pattern, 
and/or invasion, if utilized in a similar fashion, would be of equal value 
m the microscopic diagnosis 

We disagree definitely wnth Corscaden and Stout-^ who “discount the 
ability to recognize mahgnanc}^ m this type of new giowdh (saicoma of the 
uterus) by means of the microscope alone ” They insist upon the finding 
of infiltration, metastases or lecurrence after removal Actually, such 
changes are manifestations of advanced mahgnanc)'^ and have no place in the 
piesent-day ideas of neoplastic disease 

In most instances the diagnosis of leiomyosarcoma is usually made upon 
tissue wduch has already been excised Thus, theie is no indication foi 
alteration in the siiigical procedure To know of the existence of a leio- 
myosarcoma IS of definite piognostic value, however Since leiomyosai comas 
are somewdiat radioi esponsive, 11 radiation therapy may be indicated If the 
suigeon has pei formed a subtotal hysterectomy, he may wnsh to resect the 
residual cervix ( 

Theie is little to be said conceimng the preopeiative diagnosis of these 
tumors Tieite and Meiser-- have given special attention to the diagnosis of 
uteiine sarcoma by biopsy They stress the maiked iriegularity of cell size, 
giant cells, inequality of nuclei, A’^ai lability of nucleai shape and chromatin 
content, increase m mitoses and poorly developed stroma Actually, only 
a small numbei of submucosal leiomyosarcomas presenting thiough the en- 
dometrium aie accessible to study by curettage Thus, too much reliance 
should not be placed on this method 

Because Vogt’s^ senes showed associated inflammatory lesions in one 
01 both adnexa in ^ 0 % of the cases, w^e leview^ed our series to see if we 
could find similar changes We could not substantiate this impression 
No othei writer makes any comment either one way or the other 

Only one of our cases came to autopsy It piesented metastases to the 
lungs, pleuras, ribs, and pelvic tissue Both blood vessel and lymphatic 
invasion w^ere seen Accoidmg to the authors who have studied postmortem 
material the lungs, pleura and brain are most commonly the seat of secondai y 
spread There is usually faiily widespread local invasion into the adnexa, 
urinaiy bladdei, small intestine, and rectum In one of our surgical speci- 
mens a metastasis was found in one ovary 
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As the intention of this paper has been to stress the pathologic phase, 
no attempt is made to include clinical data Those who are interested may 
leview any of a number of ai tides on the subject, some of which are included 
in oui bibhogiaphy 

Summary — All leiomyosarcomas of the uteius secured fiom suigical 
material and autopsies m the Laboiatoiy of Pathology of the New England 
Deaconess Hospital have been leviewed 

By a chait giving the necessary micioscopic data foi the pathologic 
diagnosis, these leiomyosai comas weie divided into thiee groups on the 
basis of lelative malignancy — 20 were Giade III, 15 weie Giade II, and 
the lemammg 113, called “clinically benign,” were placed in Grade I 
The gloss changes indicative of leiomyosarcoma are listed 
The incidence of leiomjmsai coma and its ratio to carcinoma is detei mined, 
and coincides with that lepoited by most writeis 

Although leiomyosai comas of the uteius may be piimaiy, they most com- 
monly arise secondaiily in pieexistmg leiomyomas 

Theories conceinmg the methods of histogenesis aie given 
The presence of leiomyosai comatous nodules m vaiious oigans of obscuie 
necropsies, in which no primary source is determined and in which the 
uteii are suigically absent, suggests the spieacl fiom what was a sarcoma 
of myomatous oiigin in the uteius 

A coirect diagnosis of leiomyosarcoma of the uterus can be made mor- 
phologically, and It does not recpiiie the additional confiimation of invasion, 
metastasis and/or lecuirence 

A general discussion of the lesion is included, with especial lefeience to 
the pathologic data 


CONCLUSIONS 

1 The diagnosis of leiomyosai coma of the uterus is made by histologic 
study only, and thiee giades of malignancy can be lecognized 

2 Leiomyosai coma of the uterus may result in death despite treatment 

3 The incidence of leiomyosarcoma of the uteius is i to 2% — i 35% 
m the piesent series of uteri with leiomyomas 

4 The latio of leiomyosarcoma to carcinoma of the uteius is i 40 01 
50, I 43 in this series 

5 We interpret three of our cases as being of primal y origin and the 
lest as being secondary in preexisting leiomyomas 

6 Finally, we believe that 111 any necropsy showing metastases of leio- 
myomatous stiucture 111 the lungs, pleuia, biam or pelvic tissues, and m 
which the uteius is absent (having been removed suigically), the primary 
source is probably a leiomyosarcoma of the uterus 
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LESS COMMON LESIONS OF THE ASTRAGALUS 
Raymond W Lewis, M D 
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TROM THE ROENTGENOLOGIC DEPT , HOSPITAL FOR SPECIAL SURGER\ (FORMERLY HOSPITAL FOR RUPTURED 

AND crippled), new YORK, N Y 

Casual reflection on pathology occmiing in the astragalus might well 
lead one to the eiioneous conclusion that it is piactically limited to the diiect 
lesults of trauma, and to infection secondaiy to involvement of the ankle 
joint That the vaiiet}'’ of lesions to which the bone is subject is actually 
lather wide is shown by the following eight cases, which seem mteiestmg 
in themselves, besides being of value in establishing this point 

CASE REPORTS 

Case I — J McK , C-i 10-892, male, age two, was bi ought to the clinic, No- 
vember 7, 193s with the left ankle and foot m a plaster encasement, and a history 
of having been tieated at St Agnes Hospital for tuberculosis of the ankle 

Examination showed a healed sinus tract on the inner aspect of the ankle There 
was no swelling or tenderness, and theie was free motion Roentgenologic examina- 
tion showed an irregular area of bone destruction in the neck of the astragalus, with 
no surrounding bone reaction, and with some thickening of the soft tissues of the 
ankle joint (Fig i) Piovtsional Diagnosis Tubeiculosis 

Couise The plaster encasement was left off, and the patient was followed in 
the clinic until Septembei, 1936, without any return of symptoms Supplementary 
information (through the courtesy of Vanderbilt Clinic) The patient was followed 
at Vanderbilt Clinic from June, 1938, to the piesent In 1940, he developed an ulcer 
over the site of an old scar This healed in a few weeks Culture at that time 
did not reveal tubercle bacilli The Mantoux test was positive on two occasions The 
boy IS well and has no complaints at the present time 

Past Htsfoiy (from the Vanderbilt Clinic recoids) In 1934, the patient was taken 
to Morrisama Hospital Aspiration done at that hospital demonstiated tubercle bacilli 
From Morrisama Hospital the boy was sent to St Agnes Hospital for convalescence, 
whence he came to the Hospital foi Ruptured and Crippled m 1935 
EstabhsJied Diagnosis Tuberculosis 

Case 2 — R C, C-149-816, male, age seven, was brought to the clinic with the 
history that four months previously he had hurt his ankle A few days later there 
was pain and swelling, with tempeiatuie use The family physician made an incision 
over the lateral malleolus — pus was found The symptoms subsided and he went about 
with a limp until two days ago, when the swelling and pain recuiied 

Examination at this clinic showed much swelling about the ankle A roentgeno- 
gram showed tremendous soft tissue SYvelhng, with extensive destructive changes m 
the posterior portion of the astragalus (Fig 2) The condition was thought to be 
tuberculosis Ten cubic centimeters of yellow fluid was aspirated, a plaster encase- 
ment applied, and the patient was instructed to return m six weeks Smears of the 
aspirated fluid showed pus cells but no oiganisms, culture showed Staphylococcus 
aniens, guinea-pig injection was negative foi tuberculosis 

Established Diagnosis Staphylococcus osteomyelitis of the astragalus, with in- 
volvement of the adjacent joints 
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Coiiise Suipiisingly enough, the patient made a rapid and uneventful recovery, 
with no treatment other than the diagnostic aspiration and plastei immobilization At 
the end of a year the condition seemed healed or entirely quiescent both clinically 
and roentgenologically 

Case 3 — F S, X-ray No 37-5063, male This was a Workmen’s Compensation 
case, seen only once in the Emeigency Room, with a clinical diagnosis of strain of 
the ankle The loentgenographic findings were entirely characteristic of osteochondi itis 
dissecans of the astragalus (Fig 3) 



Fig 3 — Case 3 Osteochondntis dissecans of the astiagalus 

Case 4 — A B, X-ray No 38-0177, female, age six Patient was struck by a 
car, injuring ankle, and was treated m a plaster encasement in another hospital for 
about seven weeks Roentgenologic examination, about 2^4 months after injury, 
showed aseptic necrosis of the body of the astiagalus, with crushing of the body, 
probably secondary to the ciiculatoiy disturbance rather than produced by the original 
injury (Fig 4) Patient was treated conservatively, and was seen only for a 
short time 

Case 5 — A M, C-130-170, male, age 14, came to the clinic with complaint of 
weakness of the left foot, and bony enlargement just anteiior to the external malleolus 
Examination revealed a large rounded bony mass just anterior to the external malleolus, 
apparently attached to the astragalus Roentgenologic examination, from a number 
of different angles, showed a body with structure of cancellous bone lying lateral to 
the head and neck of the astragalus, above the anteiior extremity of the calcaneus 
and proximal portion of the cuboid bone This bony body was not attached to the 
calcaneus or cuboid bone, but seemed definitely attached to the astragalus (Fig 5) 
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The patient did not return, and no final diagnosis was made However, there 
seems little doubt that the condition was an osteochondroma, arising from the astragalus 
Case 6 — B S, H-18-191, female, age 11, was seen m the clinic, Februarj^ 
14. 1935. with complaint of pain in the right ankle She sprained her ankle two 
years ago, but received no treatment Since then the ankle has been painful on 
exercising She walks -with a marked limp, and is unable to run She does not 
believe the symptoms are increasing Examination showed marked limp on the right 
There was sw^elling about both malleoli, and atrophy of the calf Tenderness to pressure 
was elicited below' both malleoli, with a boggy feeling 


Fig 4 



Fig 5 

Fig 4 — Case 4 Posttraumafic aseptic necrosis of the astragalus 
Fig 5 — Case s Probably osteochondroma of the astragalus 


Roentgenologic examination shows a large excavation in\olvmg most of the astra- 
galus, leaving what seems to be a thin, somew'hat wminkled cortex of bone separating 
the excavation from the ankle joint The destruction extends close to the sub- 
astragalar joint, but has apparently not perforated into it There is no reaction in 
the surrounding bone (Fig 6) Giant cell tumor or cyst were suggested as pos- 
sible diagnoses 

The patient was admitted, and astragalectomj' performed, March 15, 1935 At 
operation, the astragalus was found to contain a thin-walled cyst Pathologic Repot t 
Osteitis fibrosa cystica, with scattered giant cells 
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Fig 6 



Fig 7 

Fig 6 — Case 6 Osteitis fibrosa cystica of the astragalus 
Fig 7 — Case 7 Chondromatous giant cell tumor of the astragalus 
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Postopoative Coiuse This was complicated by a considerable soft tissue slough, 
for which skin grafting was done subsequently She was discharged May 28, 1935, 
and was seen in followup as late as May, I939> at which time conditions were 
generally very satisfactory 

Case 7 — E W , H-34-859, male, age 20, was seen m the clinic, July 8, 1940, 
with a history of spraining the left ankle two years ago, with intermittent trouble 



Fig 8 — Case 8 Adenocarcinoma metastasis to the astragalus, probably pnmar> in breast 


ever since The complaint was pain on walking Examination showed moderate swell- 
ing, with tenderness at the front of the ankle joint and below the mesial malleolus 

Roentgenologic examination, July 10, 1940, showed that the body of the left 
astragalus seemed to consist of an irregular central cyst-like rarefaction, surrounded 
by quite irregular, heavily eburnated walls There was some collapse of the upper 
surface of the astragalus, and there were quite pronounced evidences of secondary 
osteo-arthritis of the ankle joint (Fig 7) The appearance suggested a cyst which 
had fractured, then healed with considerable stability 

At operation, July 26, 1940, the bodj-^ of the astragalus was found the site of a 
large caMty containing a small amount of tissue The cavity was packed with bone 
chips, and an ankle fusion was performed Pathologic Rcpoi t Doctor De Santo and 
Doctor Fred Stewart Chondromatous giant cell tumor 
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The patient made a good recovery, and was seen at follow-up in September, 1941, 
at which time conditions were very satisfactoiy 

Case 8 — F K , H-30-602, female, age 50, was seen m the clinic m September, 
1938, with a history of pam m the right ankle for three-four months The pain was 
present daj" and night, and tlieie was some swelling Five years before she had had 
breast remo\ed at ^Memorial Hospital for a tumor which she had been informed 
was benign Examination showed some swelling and tenderness about the right 
ankle Motion was free Roentgenograms were leported as showing no definite 
pathology other than the swelling 

The patient was treated by support and conservative measuies, without appreciable 
relief She was finally placed m a walking plaster boot foi seven weeks, with some 
relief Upon removal of the boot, roentgenologic reexamination showed, m addition to 
generalized osteoporosis, extensive destruction in the body of the astragalus, with 
irregularity in the upper articular suiface suggesting pathological fractures (Fig 8) A 
review of the previous films of foui months before, showed that the destructive changes 
were faintly visible at that time At orthopedic staff conference the vote was evenly 
divided between tubeiculosis and metastatic malignant tumor 

Biopsy — January 13, 1939 Metastatic adenocarcinoma, most probably primary in 
breast Roentgenologic examination of the skeletal system and. chest showed areas 
of reduced density in the skull suggestive of metastatic lesions No other foci were 
found The patient was referred to Memorial Hospital for treatment 

SUMMARY 

Eight less commonly encountered lesions of the astragalus are cited to 
call attention to the wide variety of pathology occurring m this bone 
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POSTERIOR PITUITARY EXTRACT IN ANESTHESIOLOGY 
Buinett a Greene, MD 
Brooklyjt, N Y 

The use of posterior pituitary extiact has long been common in the 
delivery room by the obstetiician foi conti oiling postpartum hemorrhage 
and m the operating room by the suigeon for pi eventing postoperative 
intestinal atony Few articles have been published on the use of posterior 
pituitary extract from the viewpoint of the anesthesiologist We have had 
extensive expeiience with this agent, primaiily, because, in 1939, our at- 
tention was called to its value as an aid to greatei relaxation with general 
anesthesia and m supporting blood pressure duimg spinal anesthesia 
During the past tw^o years we have used various forms of posterior pituitary 
extract in more than 200 abdominal, surgical, and obstetrical operations 
undei spinal or inhalation anesthesia We have never employed this drug 
loutinely, but have leserved its use for only such cases m wdiich the suppoit 
of the peripheral circulation was especiall}'^ important, as m high spinals 111 
asthenic individuals, and m general and spinal anesthesia wdiere contraction 
of the intestine was essential foi the ease of operation, eg, evisceiation, 
diaphragmatic henna, large ventral hernia, gastrectomy, biliaiy tract opera- 
tions, abdominal peiineal lesection, and m genito-unnary and gynecologic 
proceduies wheie some degree of intestinal atony w^as noted preoperatively 
We have been inclined to use it more often wdien the surgeon was known 
to be a spinal enthusiast and was prone to find any inhalation anesthesia 
relativel} unsatisfactory if the intestine was not conti acted, even though 
the abdominal wall Avas relaxed and the patient Avas m an induced apnea 
Our expeiience has been so faA’^orable that Ave are finding moie frequent 
indications for its use, and aie heieAAuth publishing the obserAi-ations of this 
expeiience Furthermoie, Ave have covered the subject of posterior pituitary 
extract in some detail because it pi ovides an excellent example of the 
correlation of facts Avhich anesthesiologists should carry into the operating 
loom for the practice of “internal medicine in the operating room,” aaIucIi 
IS the teim Ave have been using to describe the duties of the anesthesiologist 
in a surgical or obstetrical team 

PHARAIA.COLOGY 

Posteiior pituitar}^ extract is capable of inducing pronounced pltysiologic 
changes, namely 

I Stimulation of the m)mmetiium resulting in an increase m muscle 
tone and in amplitude of contractions, largei doses may cause uterine tetany 
This oxytocic action is moie evident during the last tAvo Aveeks of menstrual 
cycle and during the later months of pregnancy, appaientl}'- as a result 
of the presence of an incieasingl} dominant concentration of estrone aa'IucIi 
intensifies the response of the uterus to aiiA"^ stimulant of the mjmmetrium 
Piogesterone decreases the oxytocic action In experimental animals 
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Newton® demonstrated that only the fundus responds to pituitary extract 
2 Contiaction of blood vessels by diiect action on the musculatuie 
of the vessels, unrelated to adreneigic neives The capillaiies aie especially 
constiicted although there is some effect on arteiioles Theie sometimes 
follows, under geneial anesthesia, a rise in blood piessuie which is moie 
piolonged but less marked than that pioduced by epmephime The effect 
on the heart is vaiiable, depending chiefly on a deciease m coionary blood- 
flow due to coionaiy vasoconstriction Electi ocai diographic changes, such 
as prolonged A-V conduction time and smo-aui iculai block, have been shown 
by Melville^® to depend upon alteiations m coionaiy ciiculation SloMing 
of the heait rate is a compensatoiy mechanism to offset the effect of peri- 
pheral vasoconstiiction on the blood piessuie Anesthesia depi esses this 
compensatoiy reflex sufflcientl}^ to allow a use m blood piessuie to occiii 
111 anesthetized subjects, but there is no such use m the normal individual, 
111 fact, a fall in systolic blood piessuie occuis m the unanesthetized dog, 
piobably as a result of coionaiy vasoconstiiction^'^ Giollnian and Geilmg'’ 
caiefull}^ studied the effects of the pituitary extiact upon the ciiculation 
of noinial man They found no rise in blood pressuie, the heait rate, ox}'gen 
consumption and caidiac output were tempoiaiily diminished, the venous 
blood became arterial m chaiacter — these changes lasted about five to ten 
minutes and weie followed by a sustained mciease in cardiac output and 
oxygen consumption They concluded that the cardiac and penpheial 
vasculai effects of pituitaiy extract combined to interfere with the tissue 
supply of oxygen with a resulting accumulation of metabolites and an oxygen 
debt, which were then compensated by the nioie lasting increase in caidiac 
output and oxygen consumption The vasoconstrictor activity of pituitary 
extract differs from that of epinephrine m two lespects (a) The former 
depends on direct action on vasculai musculatuie, vhereas the lattei acts 
upon adrenergic nerve endings, and (b) epmephime mci eases caidiac output 
while constiicting the penpheial vessels so that the compensatoiy cardio- 
vascular reflexes aie unable to prevent a use m blood pressuie Pituitaiy 
extract does not stimulate the heart while constricting the penpheial vessels, 
therefore, the systemic blood pressure is not elevated 

3 Stimulation of intestinal musculature to contraction by direct action 
on the muscle cells This is produced particularly by the pressoi fraction 
of pituitary extract which causes marked peiistaltic contractions of the small 
intestine and colon with propulsion of the contents of the small intestine 
into the colon The oxytocic pimciple does not add anything to the in- 
testinal effect, it may even interfere with the maximum constiiction of the 
small intestine by the pressor fraction because the oxytocic principle lelaxes 
the circular muscle of the small intestine^® Lofstrom,^® with an expeiience 
of 2,000 cases m which i cc (20 units) of pitiessm was injected intra- 
muscularly 111 unanesthetized subjects for the elimination of intestinal gas 
shadows in 1 oentgenography , obseived no effect on the stomach undei any 
condition, none on the conti acted jejunum, increased tone of the ileum, if 
the small intestine was inflated by stasis, paralysis or obstruction there was 
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a pronounced mciease of tone and narrowing of the lumen, the colon almost 
always showed marked narrowing of the lumen, increased peristalsis and 
a considerable shortening of the longitudinal measurements ^\lth withdrawal 
of the hepatic and splenic flexures out of the upper abdominal quadrants 
The pitressin action began m 5-10 minutes and was maximal in 15-30 
minutes Guthrie and Bargen,^® employing a dose of 20 units of a preparation 
containing all the posterioi pituitary principles, and using human subjects 
with colostomies, and reporting the activity of the terminal ileum, transverse 
colon and sigmoid flexure, drew the following conclusions (a) Pituitary 
extract is a constant, regular and powerful stimulant of intestinal peristalsis, 
acting with equal strength on both the colon and the ileum , (b) it increases 
the motility of the intestine without exerting an effect on tonus , and (c) its 
action appears within 3-5 minutes and gradually decreases over a period of 
45-90 minutes The absence of an obvious tonic effect in this study, in 
contrast with the results of Lofstrom’s work, may be explained by the pres- 
ence of a colostomy in each subject, whose intestine was probably more tonic 
than normal before the pituitary extract was injected Also, to be noted 
is the use of -whole pituitary extract instead of pitressin which has a more 
consistent tonic effect on human intestines 

4 The antidiuretic action is produced b}'^ the fraction of pituitary extract 
■w'hich contains the pressor principle The site of action is probably the 
loop of Henle of the renal tubule, where MarshaiP^ has localized the site 
of osmotic \vork in the reabsorption of water The antidiuretic substance 
is supposedly essential for the cells of the loop of Henle to reabsorb water 
to their maximal capacity but it does not increase the capacity of the 
tubular cells to do osmotic work If a normal kidney is already excreting 
a maximally concentrated urine, the action of posterior pituitary substance 
IS not detectable Thus, the antidiuretic hormone wall inhibit a water 
diuresis, but it is ineffective against a salt- or urea-induced diuresis, for the 
kidney is concentrating the salt or urea to its maximal ability Not only 
the osmotic diuretics but also the xanthines and mercurials counteract the 
antodiuretic action of posterior pituitary extract Despite the fall in volume 
of urine, more chloride is excreted, per unit of time, during posterior pituitary 
antidiuresis than previously '* Antidiuresis by pituitary extract, because 
it does not interfere with the renal excretion of salt, urea and chloride, is 
safe for most surgical patients, despite the transient oliguria 

ADMINISTRATION 

The official posterior pituitary preparation for injection is the solution 
of posterior pituitary, U S P containing approximately equal quantities 
of both the oxytocic and pressor principles It is marketed in the concen- 
tration of 10 units of oxytocic activity per cc No assay is made for pressor 
activity but this parallels oxytocic activity Pituitrm is a brand of solution 
of posterior pituitary, U S P So-called “surgical” and “obstetrical” pitui- 
tary solutions are only varieties of the U S P solution They differ from each 
other only in that “surgical” pituitary contains 20 units per cc and “obstetrical 
pituitary solution contains 10 units per cc (the same as solution of posterior 
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pituitary, U S P ) All of these posterioi pituitaiy solutions contain both 
the oxytocic and piessor substances in effective amounts Pitressin is a 
NNR piepaiation containing 20 units of pressor activity and less than 
one-half unit of oxytocic activity pei cc Pitocin (NNR) contains 10 
units of oxytocic activity and less than one-half unit of pressor activity 
The extracts of posterioi pituitaiy aie effective only when administered 
parenterally In the opeiatmg room, they are usually admimsteied sub- 
cutaneously 01 mtramusculaily, rarely intravenously The site of injection 
sometimes is the uterus, ceivix, or parametrium, but these not only show 
no advantage over injection m the arm 01 thigh but aie more frequently 
followed by “pituitrm shock ” 

RELATIONSHIP TO OPERATING ROOM MEDICINE 

I The most common opeiatmg room use of posteiior pituitary extract 
IS as an oxytocic aftei the pregnant uterus has been emptied by cesarean 
section or \aginal dehveiy Some obstetricians inject the solution immediately 
aftei the presenting pait has been delivered, but most await the extiusion 
of the placenta The usual dose is i cc of “obstetiical” or U S P solution, 
or I cc of pitocin injected mtramuscularh'- The effect comes on within 
five minutes and lasts fiom 30 to 90 minutes The intra-uteime injection 
of pitmtim possesses no advantage ovei intramuscular injection elsewhere, 
and may even be more hazardous because of the greater likelihood of in- 
advertently injecting the solution intravenously m the veiy vascular giavid 
uterus Certainly, intravenous or intia-uterine injection more commonly pio- 
duces “pituitrm shock Foi this oxytocic effect alone it would be wiser 
to use pitocin, which has no constiictor action on the coionary arteiies, 
01 ergonovine “Ergonovme, due to its low toxicity, rapid onset and sustained 
duiation of action, can replace posterior pituitary extiact as well as all othei 
eigot preparations®” The mtramusculai or mtiavenous injection of a dose 
of 0 2 mg gives a rapid and lasting response “Pituitrm shock” is not too 
uncommon (1—5% m some series,^) theiefore, it is bettei judgment to use 
efficient substitutes for posterior pituitaiy extiact when the latter is being 
used m a patient unprotected against its anaphylactic and coronary con- 
strictor side-effects by ephedrine or ether anesthesia (see below) 

The use of posterior pituitary extiact for the contraction of the non- 
pi egnant uterus and for capillaiy vasoconstriction of the genital tiact to 
deciease operative bleeding is common among many gynecologists It is 
debatable how effectively capillaiy vasoconstriction by pituitrm decreases 
blood loss but some obsei vations^®’ ® tend to favoi this belief We have not 
been impressed by any hemostatic or ischemic quality of pituitrm 111 non- 
obstetrical surgery 

It is important to know that the occasional use of posteiior pituitary 
extract foi the induction of laboi at term may require the emergency ad- 
ministration of general anesthesia to relax the uterus thrown into tetany 
even by the cautious use of the ditig Ethei is the anesthetic of choice here 
because it easily and directly lelaxes the uterus and so allows the placental 
cn dilation to become adequate foi the fetus 

901 



BARNETT A GREENE 


^nmls of Surgery 
December 19 4’ 

2 Solution of posteiior pituitar}^ U S P oi pitressin was fiist suggested 
by Melville^" as a means of intensifying the effect of ephednne in supporting 
the blood pressure and penpheial ciiculation during spinal anesthesia The 
combination is more effective than either diug alone The ephednne also 
prevents the coronal y vasoconstiiction which may result from the unopposed 
use of pituitaiy extract The value of this combination has been confirmed 
by our experience and that of Hand and Sise/^ and Chaikoff ^ We employ 
this pressor mixtuie, pituitrm oi pitressin 5 units plus ephednne sulphate 
25-50 mg, as pi emedication for opeiations undei spinal anesthesia when it 
is impoitant to have a maximally conti acted intestine 01 uterus or when it 
IS likely that the blood piessure may fall seveiely, as m a high spinal in an 
asthenic patient Howevei, a maiked elevation of blood piessuie by pituitiin 
or pitiessin alone has been repoited in patients with pre-eclampsia or thyio- 
toxicosis This should be legarded as a warning against the use of the 
pressoi fi action in patients with either of these complications The pressor 
and antidiuietic actions can thiow a pre-eclamptic woman into eclampsia 

Posterioi pituitai}'^ solution is also useful as a bowel constrictor during 
general anesthesia This valuable fact is too little appreciated in anesthesia, 
even though it was published by Pottei and Mueller,'*® in 1932, and by 
Black,® in 1934 The injection of the pressoi fraction (5-10 units) just 
before or dm mg opeiation under general anesthesia helps greatly in making 
a geneial anesthesia appioach a spinal in the qualities which have made the 
latter so desirable as to be termed “the surgeon’s paiadise ” (Similar effects 
have been observed when we have employed prostigmine as a bowel constrictor) 
A serious and common disadvantage of even the most relaxed and quiet 
abdominal field under any general anesthesia is the absence of a contracted 
intestinal tract Five minutes aftei an intramuscular injection of 5-10 
units of posterioi pituitaiy extiact 01 pitressin one usually sees a marked 
nan owing of the intestine, accompanied by gi eatei relaxation of the abdominal 
wall ®’ “This effect may be vei y striking and seems analogous to 

the relaxing effect reported by Garielon following the administration of 
physostigmine in cases of resistant abdominal iigidity during cehotoni} ■*” 
We have, therefoie, found this drug especially useful m operations for 
evisceration, laige ventral hernia and bihaiy tract disease under general 
anesthesia and even spinal anesthesia,® where pre-medication with ephednne, 

* The very recently published study of Adlei, Atkinson and Ivy-^ indicates that 
we have been using unnecessarily large doses of posterior pituitary extract for 
gastro-intestinal contraction They observed strong coordinated contractions of the 
colon in 28 of 31 experiments on four human subjects with a colostomy, who vere 
injected with i to 2 units of surgical pituitrin intramuscularly, the effect appeared 
within 3 minutes and lasted 15-20 minutes When i 25 units of pituitrm was com- 
bined with I cc prostigmine i 4000, the colon contractions were increased m both 
degree and duration No side-effects on heart rate, blood pressure or clinical comfort 
were noted We have not jet had the oppoitunity of putting this mixture to the 
test under anesthesia For the immediate purpose of the anesthetist however, it was 
gratifv ing to learn of their good results with 1—2 units of pituitrm alone In recent 
cases we have obtained a continued bovv'el constriction during operation bj' repeating the 
injection of 2 units of pituitrm 01 pitressin ev'erj 20 minutes or as often as needed 

902 



Volume lie 
Number C 


ANESTHESIOLOGY 


ati opine oi scopolamine may have favoied intestinal lelaxation On the othei 
hand, the piessor extiact should be avoided wheie intestinal peifoiation 
01 obstiuction IS piesent oi suspected 

The pievention of postopeiative distention with posteiioi pituitaiy extiact 
may well be staited m the opeiating room’’ i*’’ m any case, but espe- 
cially if there is a marked likelihood of such a complication, e g , extensive 
handling of intestine, or when it is important to prevent it, eg, extensive 
vential heiniorrhaphy, oi celiotomy m a cachectic patient 

3 A desiiable side-effect of the opeiating loom use of pituitaiy extiact 
01 pitressm is retention of watei induced by the antidiuietic fraction The 
surgical patient without lieait failuie, epilepsy, pie-eclampsia or mtiogen 
letention is gieatly aided m maintaining watei balance by any measuie which 
reduces water loss duimg the impoitant peiiod immediately following opera- 
tion or dehveiy, when watei intake is negligible unless admimsteied paien- 
terally Postopeiative dehydiation has been obseived to be gieatly deci eased 
by the use of piti essiii 

4 The tieatment of shock due to deci eased blood volume by the use of 
posterior pituitaiy extiact is ineffective and illogical, it may even be 
dangeious because of its coionaiy vasoconstiictoi action (see Case i of 
BuisteiiA) But shock of neuiogenic oiigin, as that caused by a celiac 
plexus stimulus duimg upper abdominal suigeiy or by spinal anesthetic 
lelaxation of muscles, aiteiioles and veins, is successfully and logically pie- 
vented or tieated by the piessoi fi action of posteiioi pituitaiy solution, 
alone oi, better yet, combined with ephedime to intensify the pressor action 
and antagonize the coronal y vasoconstriction 

The use of pituitrm is very fiequently followed by a marked palloi of 
the skin, especially of the face, because of intense capillaiy vasoconstriction. 
It may appeal alaiming but it is not dangeious and lequires no treatment 
It may, if so desired, be piomptly replaced by a pink flush by the sub- 
cutaneous injection of 3-5 cc coi amine, which has the nictimc acid piopeity 
of dilating the skin capillaries, especially those of the face A less common 
but more serious effect of pituitim is a maiked diop m blood piessuie 
In some cases this has been due to alleigy,^’ “ and 111 othei cases, to coionaiy 
artery constiiction ^ The treatment of “pituitim shock,” of eithei oiigin, 
IS the administi ation of a high oxygen concentration and the mtiavenous 
injection of o i cc of ephedime 01 epinephrine (01 if the patient is undei 
cyclopiopane anesthesia, o i cc neosynephime) Pituitrm 01 pitiessin should 
not be used m a patient with hypei tension 01 coi onai y ai tei y disease because 
it may induce a dangerous degiee of coionaiy aiteiy insufficiency 

Another very recent study is mentioned here because it provides further con- 
firmation of the fact which we have repeatedly observed clinically, in our use of 
pituitnn under all forms of anesthesia except cyclopiopane, namely, that small doses of 
pituitrm or pitressm have a large margin of safety Graybiel and Glendy-- demon- 
stiated, using a slow infusion of a i 1000 dilution of pitressm m nine normal persons, 
four patients with essential h3'pertension, and two patients with angina pectoris, that 
marked gastro-intestinal contraction could be pioduced m eveiy case with no, or 
slight changes m blood pressure, pulse late, cardiac output and without am’ change 
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In such a patient under c3xlopropane-ethei anesthesia, three units of pituitnn 
by h)^podermic, has staited a series of marked cardiac anhythnnas, ranging 
from slow coupled beats to a rapid “irregular irregularity” like that of 
auricular fibrillation, accompanied by a sharp, marked rise of blood pressure 
from 140/90 to 220/1 10 This disappeared in a half hour, foitunately, leaving 
no ill-effect This experience has not been tested by repetition, but it may 
indicate that the pressor extract and c3'clopropane are incompatible because 
of a synergistic tendency towaid the production of hypertension and/or 
cardiac arrhythmias 

5 The pressor fraction of pituitary extract can produce a parasympathico- 
mimetic stimulation of the respiratory tract, which is always undesirable 
during anesthesia Within five to ten minutes after injection, the respiration 
of the patient may show a laryngospasm (“crowing”) or bronchoconstriction 
(asthmatic wheezing) or bronchorrhea Any or all of these untoward signs 
are favored by an asthmatic predisposition oi by cyclopropane, which is also 
parasympathico-mimetic We have rarely seen any of these respiratory com- 
plications in oui use of pituitary extract , they have not been noted by others 
who injected this diug during general anesthesia with avertin-nitrous oxide- 
oxygeiT® oi ether We have rareb' employed it while administering 
cyclopiopane alone, and never used it m an asthmatic patient Wjdie,*'’ 
too, has found cj'clopropane anesthesia to be incompatible with pituitary ex- 
tract If pituitnn has been urgently needed for its effect on the intestine 
during cyclopropane anesthesia, we have added ether Burstein, however, 
has reported several such instances of pituitrin-mduced respiratory complica- 
tions during and after anesthesia We prevent these by avoiding the use 
of the pressor fraction during cj'^clopropane anesthesia, i e , use pitocin if 
only the oxytocic effect is desired, when the piessor fraction is lequired 
to contract the bowel during cyclopropane anesthesia, we add ether The 
treatment of these respiratoiy complications during general anesthesia is the 
injection of ephednne or the inhalation of ether-oxygen anesthesia, with the 
addition of helium if the tidal respiratory volume is greatly reduced by the 
broncho-constriction or larjmgospasm We have not required the aid of 
ephednne or helium m anj'^ of our few instances of mild laryngospasm 

CONCLtrSIONS 

Posterior pituitary preparations can be more frequently used to ad- 
vantage in the operating room than has been the custom in the past Thej’^ 

m the normal electrocardiogram or cardiac symptoms If the coronary arteries were 
constricted by these doses, which produced bow'el activity, then the decrease in coronary 
blood flow' w'as compensated for by the decrease in the work of the heart resulting 
from the lo 8 per cent drop in average metabolic rate and the 5 per cent decrease m 
average cardiac output “Pitressm in amounts sufficient to provoke distressing abdom- 
inal cramps does not significantly decrease the blood supply to the myocardium m 
relation to the w'ork of the heart and it is safe and practical to give pitressm to 
patients w'lth coronary heart disease ” Certainly the intramuscular administration 
of the 1-2 units of pituitnn or pitressm, found to be effective on the colon by Adler, 
ct al IS safe, even for cardiac patients, for the doses employed by Graybiel and 
Glendj-^ w'ere much greater, and were given by vein 
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aid both the anesthetist and the suigeon, and, theiefoie, seive in the best 
inteiests of the patient By their judicious use, we can secuie a moie stable 
peiipheial cnculatoiy system, a inoie relaxed abdominal field, bettei hydia- 
tion, less blood loss, moie expeditious and less tiaumatic suigery, and a 
deci eased likelihood of postopeiative intestinal atony As with all potent 
diugs, the avoidance of untow^ard leactions lequnes individualization of 
patients and a detailed knowledge of drug behavioi and then antagonists 
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REGIONAL ILEITIS* 

Leon Ginzburg, M D , and John H Garlock, M D 

New YorKj N Y 

FROM THE SURGICAL SERVICE OF DR JOHN H GARLOCK MT SINAI HOSPITAL N \ 

Ten years ago an article was published from the Surgical and Pathological 
Services of the Mount Sinai Hospital, which served to clarify the pathologic, 
clinical and surgical features of the disease process termed regional ileitis 
We feel that, aftei a decade, a review of our experiences with the disease at 
this institution may prove of considerable interest 

The question may be raised whether regional ileitis is essentially a sur- 
gical disease Oui experience leads us to believe that it is A gieat deal 
of the confusion surrounding this issue aiises from the failure to differentiate 
between the localized form of the disease, which is confined to the distal four 
or five feet of ileum, and the more generalized type, in which the distal 
involvement is only pait of a geneiahzed enteritis of vaiious extent and 
degree For this reason we considei the term regional ileitis a pool one 
and believe that the term “distal ileitis” should be reserved for that variety 
of the disease amenable to surgical treatment 

In the original paper on the subject, the importance of limiting surgical 
considei ation of the disease to the distal type was emphasized Unfor- 
tunately, numerous publications which emphasized what was already known, 
namely, that proximal segments might also be involved, seived to obscure 
the issue With increasing experience, we have learned that so-called jejuno- 
ileitis is much more common that we at fiist appreciated Therefore, at the 
present time, m addition to a caieful preoperative roentgenologic study of 
the entire small bowel, a painstaking exploration of the small intestine is 
carried out before definitive surgical therapy is undertaken Our experience 
with 77 operatively proven cases seems sufficient evidence that distal ileitis 
confined to the distal segment is a clear-cut disease entity Some of these 
patients have been followed for many years without demonstrating recurrent 
or new lesions During the same period, 22 cases of jejuno-ileitis, of whom 
eight weie verified by operation, were encountered This group was reported 
by Wachtel and Sussman We cannot emphasize sufficiently the necessity of 
demonstrating that one is dealing with the localized foim of the disease 
In the diffuse variety, there may be many feet of apparently normal bowel 
between the upper and lower diseased segments The importance of a 
careful examination of the entire small bowel at operation becomes apparent 
In many cases the disease extends so high into the proximal small boivel 
that any short-cn cuiting or lesection proceduie will result in severe nutritional 
distuibances incompatible with life We have reached the opinion, therefore, 
that jejuno-ileitis is a nonstirgical disease 

* Read before the New York Surgical Society, October 14, 1942 
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Another disease which may closely simulate regional ileitis is regional 
or migratory colitis, a localized iight-sided colitis of the type desciibed by 
Bargen and Weber In many of these cases the distal 12 inches, larely more, 
of the terminal ileum may be involved Cuiiously enough, this lesion may 
be detected roentgenologically moie easily than the concomitant moie impoit- 
ant colonic lesion Exploiation is often difficult because of the inability of 
the suigeon to dehvei the cecum and ascending colon into the A\ound foi 
close inspection Vei}' often, only the suigeon with considerable expeiience 
can detect the mflammatoiy changes in the wall of the light colon m this 
disease 

Anothei question which is frequently asked is whethei lesection of the 
diseased segment of bowel is always necessaiy It is oui belief, based upon a 
fanly extensive experience, that such radical tieatment is laiely indicated 
This view has been stressed m pievious communications At Mount Smai 
Hospital oui experience has convinced us that ileocolostomy zvith ca elusion 
will piove effective m the vast majoiity of cases We adopted this piocedure 
quite by accident, after noting the marked improvement which followed the 
opeiation when it was peifoimed as the fiist step of a contemplated two- 
stage piocedure 

Oui leasons for adopting ileocolostomy zvifh exclusion as the opeiation 
of choice m the ti eatment of distal ileitis may be bi lefly stated as follov s 

In eight instances, secondary exploration, or lesection, levealed healing 
111 the pieviously diseased excluded loop of bowel In one instance, autopsy, 
aftei death due to other causes four years later, showed complete healing 
In seven cases, discharging fecal fisttilae closed spontaneously following this 
opeiation In the remaining cases, clinical improvement, as manifested by 
disappeaiance of mflammatoiy masses, subsidence of pi obliged fever, disap- 
pearance of intestinal symptoms, gam m weight and nutrition, and disappeai- 
ance of anemia, were so maiked as to render inescapable the conclusion that 
amelioration oi healing of the pathologic piocess had occuired 


Table I 


nciTis CASES — Total 77 


Ileocolostomy with Exclusion S4 cases 

Mortality 0 

Persistence of Disease tn Excluded Loop 5 cases 

3 vrs postop 1 well 3 years after resection 
1 yr postop 1 veil 1 year after resection 
Less than 1 year 3 — 2 died of continued 
sepsis 1 well after resection 
New areas of Involvement 2 cases 

Both within 1 year 


Ileocolic Resections 23 cases 

Deaths 4 

Proximal Involvement 3 cases 

One of these died of malnutrition and 

exhaustion Multiple operations No 
ileitis at autopsy 


An important point in favor of this operation is its low moitahty To 
date, 54 such opeiations have been peifoimed wuthout a death If recession 
of the disease in the excluded loop of bowel does not take place, the secondary 
lesection cairies with it less iisk In these 54 cases, the disease failed to 
lecede 111 five instances Tw^o of these patients had associated ileocecal 
fistulae, and both died of peisistent sepsis, piobably due to piogiessive retro- 
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peritoneal infection In two instances, following the short-cncuiting opera- 
tion, new areas of involvement appeared proximal to the site of anastomosis 
In addition, two relatively minor complications have been encountered In 
one case, intussusception of the excluded loop into the cecum took place 
Dr Slocum, wdio -was kind enough to furnish us with the essential details, 
operated upon this patient at the Monmouth Memorial Hospital It is 
interesting to note that, m this instance, there was extensive recession of 
the disease process to permit of intussusception which could not have occurred 
if the loop of the bowel were still rigid, thickened and narrowed In one 
other case, there w'as transient melena unaccompanied by other symptoms, 
which occurred about four 3'ear after oi)eration It persisted for one \veek 
and stopped spontaneously 

It IS important to clarify the cause of the symptom of postoperative 
diarrhea, because it has been frequently stated that the continuation of 
diarrhea is indicative of persistence of the original disease Our experience 
has been quite the opposite of this view This painless and otherwise 
symptomless diarrhea is frequently encountered during the first few months 
following the exclusion and short-circuiting operation In some patients it 
has persisted for longer periods On two occasions it resulted m the per- 
formance of exploratory celiotomy, which revealed, in each instance, no 
evidence of disease It must be remembered that this operation is not exactly 
similar to that performed for carcinoma of the right colon In the latter, 
the resection is rarely carried more than six or eight inches proximal to 
the ileocecal junction In distal ileitis, the anastomosis is not infrequently 
made four to five feet from the ileocecal angle The entrance of the more 
fluid intestinal contents from this higher segment of small bowel is probably 
more irritating to the colon than when the anastomosis is made at a lower 
level We believe that this is the logical explanation of this symptom, and 
that the period of time that it persists wnll depend on the length of ileum 
excluded and the rapidity of readjustment of the remaining ileum to the 
function of water absorption 

In 23 instances, ileocolic lesection w'as performed There were three 
deaths In three cases, the disease reappeared postoperatively in the bowel 
proximal to the anastomosis It is probable that “skip-areas” were overlooked 
at the first operation Two patients were subjected to three operations 
One of these died six 3^ears following the first operation It was thought 
that ileitis and colitis had developed, but autops3^ failed to corroborate this 
diagnosis One of the other patients died four 3'ears postoperatively from 
intestinal obstruction due to a band In this instance, also, there was no 
evidence of aii3'’ further disease While it is true that in the uncomplicated 
case and in the hands of an experienced surgeon, resection can also be 
carried out with a low mortality rate, it is important to remember that, in 
the more complicated cases with fixation to adjacent viscera or in the hands 
of a less experienced surgeon, it would be extremel3'^ difficult to keep the 
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inoitality figuies as low as those attending the simpler shoit-ciicuiting 
procediii e 

The belief that it is necessaiy to lesect widely the mesenteiy of the 
involved segment of bowel because of the dangei of letiogiade spiead vta 
the lymphatics seems to us to be unfounded In the hist place, secondary 
operation has, on a numbei of occasions, disclosed complete lecession of 
pieviously enlaiged and edematous nodes to normal size and consistenc} 
Secondly, many of these patients have had the disease foi years befoie 
operation without any spread to moie pioximal segments And, finally, such 
extension has occuried even after the widest type of lesection 

The clinical pictuie of distal ileitis is more easily interpieted when the 
underlying pathologic lesion is clearly understood Basically, the symptoms 
aie of two general types In the fiist, the ulcerative changes are limited 
to the bowel itself and produce the symptoms of enteiitis and, later, those 
of obstruction In these cases, the attention of the suigeon is at once diiected 
to the intestinal tiact In the second gioup, the symptoms are due to the 
effects pioduced by the slow peiforation of the intestinal ulcers, to the 
extent that the symptoms of inflammation of adjacent visceia oi of the 
peritoneum may completely obscuie the underlying intestinal lesion The 
most common pictuie thus pioduced is that of local peritoneal inflamma- 
tion usually 111 the right lowei quadrant simulating appendicitis oi the 
development of inti a-abdommal abscesses External diainage of these 
abscesses fiequently lesults m the foimation of chronic fistulae due to the 
peisistence of the disease m the involved segment of bowel Inflammatory 
fixation of the diseased small bowel to adjacent viscera, with or without the 
formation of communicating fistulae, may pioduce symptoms of a urologic 
or gynecologic nature Perforation into the mesentery, which is quite com- 
mon because of the location of the ulcerative process on the mesenteric side 
of the bowel, may give rise to a puzzling clinical picture, with persistent 
fever as the prominent symptom, especially if the process remains localized 
The infection may spread widely into the mesentery and give rise, as in two 
of our cases, to a most extensive retroperitoneal cellulitis Not infrequently, 
tlie fixation to adjacent viscera may produce symptoms which closejly 
simulate primary urologic disease, and even pioduce roentgenographic 
changes in the ureter and kidney pelvis The urologist should remember 
that a persistent urologic symptom, without demonstrable disease in the 
gemto-urmary tract, may be caused by perivesical inflammation due to 
fixation of a diseased loop of ileum The mechanism in these cases is 
similar to that which occurs in sigmoid diverticulitis In two of our cases 
theie occuired a perforation into the bladder and the formation of ileovesicaJ 
fistulae The efficacy of the recommended short-circuiting operation with 
exclusion was amply demonstrated when these fistulae closed spontaneously 
duimg the early days of convalescence 

The gynecologist should also remember that a loop of diseased bowel 
may piolapse into the pelvis, become adherent to the adnexa or uterus or 
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the bottom of the cul-de-sac, and pioduce symptoms which simulate closely 
primaiy pelvic inflammatory disease A fiequent complication is the devel- 
opment of multiple perianal fistulae Penner and Crohn have described these 
fistulae in considerable detail, and believe that they are directly continuous 
with the diseased bowel by retroperitoneal extension Oui opeiative experi- 
ence would lead us to conclude that this mechanism accounts for a veiy small 
proportion of such cases The majoiity are piobabty due to c^^pt infection 
resulting from the long-standing foul diairhea From a piactical standpoint, 
It IS important to remembei that fistulae which lecui in spite of adequate 
opeiative mteivention, m patients in whom there is no evidence of colitis 
oi proctitis, may be due to an undei lying ileitis In a numbei of our cases, 
rectal incontinence has followed ill-advised ladical opeiations by proctologists 
who failed to suspect the undei lying cause of the fistulae 

The question is frequently asked what proceduie should be earned out 
when the surgeon finds a distal ileitis dm mg the course of an opeiation for 
supposed acute appendicitis It is oui opinion that, if an acute ileitis with- 
out perforation is found, nothing should be done It is debatable if even 
appendicectomy is advisable It is impossible to predict what the outcome 
in such cases will be In a number of instances, there have been no fuither 
symptoms, and the patients are apparently well, some of them for as long 
as ten years In two instances, recurrence of symptoms within a yeai 
necessitated opeiative intervention With inci easing experience, we have 
become impressed with the tendency for spontaneous remission not only in 
the acute cases, but in many patients with extensive involvement of ileum 
and jejunum which are not amenable to surgical therapy These remissions 
and exacerbations are of uncertain dination and frequenc} We have not 
as yet encountered a case of chionic distal ileitis m which such i emission has 
lasted for a number of years 

We are frequently asked about the management of cases with fecal 
fistulae There seems to be considerable mismteipietation of the exact patho- 
genesis of these fistulae The belief seems to be widely held that they aie 
due to the “blowing-out” of the stump following the appendicectomy which 
IS frequentl} performed It is possible that, as a result of the pericecal inflam- 
mation, secondary dehiscence of such a stump may occui, but this is not 
the piimar}^ cause of the fecal fistula The essential factor is the perforation 
of one of the enteiic ulcers As the perforation frequently takes place into 
the mesenteiy, the couise of the tiact could be quite tortuous Attempts at 
local repair are doomed to failure because of the lack of healing power m 
the diseased bowel On the othei hand, many surgeons believe that resection 
IS necessaiy to achieve a cure Inasmuch as this variety of the disease offers 
the greatest technical difficulties foi the surgeon, complications are more 
fiequent, and the mortality rate is higher We have found the short-circuit- 
ing opeiation zvith exclusion most satisfactory in this type of case In only 
one out of eight instances was theie failure of closure of a fecal fistula 
In one patient, there vere so inaii)'^ fistulae in the lower abdomen that a 
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siipra-umbilical tiansveise incision was necessar} All the fistulae dosed 
spontaneously 

We would like to emphasize the following featuies in ai riving at a 
clinical diagnosis of distal ileitis Distal ileitis should be considered if theie 
aie peisistent fecal fistulae following the drainage of so-called appendiceal 
abscesses The diagnosis should be considered if, following appendicectoni} . 
theie develops a lesidual abscess at a later period It should be thought 
of in cases of persistent diairhea without the piesence of blood in the stools 
It should be thought of whenever theie aie intestinal symptoms, accompanied 
by persistent fever and the development of anemia It should be considered 
when theie are obscuie peiivesical and adnexal mflammatoiy conditions 
without demonstiable cause in the gemto-uimaiy system It should be 
thought of 111 the piesence of peisistent, multiple and mti actable perianal 
fistulae The clinical diagnosis can usually be confiimed by roentgenologic 
examination The barium enema ma}^ delineate the diseased, stimg-hke 
terminal ileum by letiogiade passage of the barnnn mixtuie through an 
incompetent ileocecal valve 

In the opeiative management, the following featuies should be stiessed 

1 The suigeon must be ceitam that he is dealing with the localized 
foini of the disease This leqttnes caieful inspection of the entire small 
intestine 

2 The bowel should be divided a good distance pioxnnal to the diseased 
segment It is important to look foi the so-called “skip” lesions 

3 We lecommend ileotiansverse colostomy wit/i e.xcliision, as a definitive 
surgical pioceduie This should be perfoimed through a left rectus incision, 
with the patient m Trendelenberg position Visualization of the various bowel 
segments is greatly simplified by this maneuver If resection becomes neces- 
saiy at a latei date, it can be earned out through a right-sided incision in 
a field devoid of the adhesions which lesult fiom the fiist opeiation We 
wish to stress this point m technic 

4 When resection is performed, it is not, in our opinion, necessary to 
extend it to the transverse colon, as is the case with carcinoma of the right 
colon Resection at the level of the ascending colon is all that is necessaiy 

5 We believe that side-to-side ileocolostomy is the safest type of anas- 
tomosis 

6 We uige the pieoperative use of the Millei -Abbott tube, to serve both 
as a bowel decompi essmg agent and as a method of rapid oiientation in 
cases where extensive adhesions lender intestinal topography difficult to 
visualize 

A final word as to prognosis is in order In oui experience, extension 
01 lecurience of the disease will manifest itself within the fiist two years 
Of the 54 cases in winch the shoit-cncuitmg opeiation ivas pei formed, the 
seven failures occurred wuthin that period Similarly, m the gioup of 23 
patients subjected to resection, the thiee failures occurred within the same 
peiiod Theie were three deaths in patients 111 whom neither a short-circuit- 
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ing procedure nor a resection could be carried out Two of these were due 
to extensive retroperitoneal infection, and one to a perforation of an abscess 
into the free peritoneal cavity A severe colitis developed in one patient in 
whom a resection had pieviously been performed In another patient, a 
universal enterocolitis developed after resection of an extensive segment of 
bowel high in the ileum It is probable that the jejunum was involved at 
the time of the first operation In the light of our present experience, this 
patient would not be subjected to operation 

On the basis of the expeiiences related in this communication, it is our 
conviction that distal ileitis is a surgical disease and that, in the gieat 
majority of cases, marked amelioration of symptoms may be obtained by 
the simpler operation of ileocolostoni}’’ imth exclusion, which, so far, has been 
attended by no mortality 
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THE INCREASING USEFULNESS OF THE DEVINE COLOSTOMY 
IN LEFT COLON AND RECTAL SURGERY* 

Charles Gordon Heyd, M D , D M Sc 
New York, N Y 

FROM THE SERVICE OF DR CHARLES GORDON HEYD, NEW YORK POST-GRADUATE HOSPITAL, 

NEW YORK, N Y 

A PRACTICAL AND EFFECTIVE COLOSTOMY sllOuld pOSSCSS the following 
essential featuies (i) It should peimit the complete evacuation of all of 
the contents of the colon proximal to its oiifice (2) It should prevent 
“spilling-ovei ” of any fecal material fiom the pioximal into the distal loop 

(3) It should be continent, and, by means of a small exit oiifice, retain 
the major portion of the fluid contents of the colon and permit one 01 two 
natural, 01 by irrigation daily, bowel movements of semisohd consistency 

(4) It should be without skin excoriation or infection (5) It should be 
controlled easily by a simple occlusive pressure diessmg, without the need 
foi any bags or complicated appaiatus All of these conditions are obtained 
by a Devine colostomy 


OPERATIVE TECHNIC 

The technical execution of a Devine colostomy is simple, without shock, 
and readily accomplished undei local infiltration anesthesia There aie, 
however, certain special details that must be observed if a good functional 
colostomy is to be obtained It may be placed practically anywheie through- 
out the colon, but meets its best indication for suigical conditions distal to 
the midpoint of the transverse colon The usual elective site for a Devine 
colostomy is midway between the hepatic flexure and the middle of the 
tiansverse colon An incision 10 cm m length is made through the upper 
light rectus muscle at about the middle third of the distance between the 
costal margin and the level of the navel The incision is earned directly 
thiough the fascia and the muscles, to the peritoneal cavity A gloved hand, 
coated with sterile vaseline to facilitate its introduction through the relatively 
short incision, is introduced into the abdomen for palpatory exploration of 
the abdominal viscera The contents of the upper peritoneal cavity may be 
visualized but the visceia of the lower portion of the abdomen must be ap- 
praised by palpation The examination should include all the abdominal 
viscera The surgical lesion should be accurately determined as to site, 
fixation, associated inflammation, the lelative degiee of obstruction, the 
amount and extent of any intestinal adhesions, and the presence or absence 
of lymph node and liver metastases 

After the completion of the exploration of the abdomen the transverse 
colon IS brought out thiough the wound, a tape is passed through the two 
layeis of the gastiocolic omentum beneath the bowel, and used for traction 

* Read before the New York Surgical Society, November ii, 1942 
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The gastrocolic omentum and the omentum propei are dissected free fioin 
the colon foi a distance of about lo cm on both sides of the traction tape 
By pulling the traction tape upwards both the afterent and efferent loops of 
colon fall, quite naturally, paiallel to one another, producing the familiar 
“double-bai rel shotgun” appearance About six centimeteis from the tape 
downward is left as a free hiatus between the h\o loops 

Ordinal ily, it is wise to exceed the six centimeters but never less, as 
these free loops must later ti averse the abdominal paiieties without the 
slightest degiee of tension Tins featuie of the technic is of great im- 
poi tance m the after-cai e and postoperative condition of the colostoni}'^ 
Below the loweimost limit of the fiee space the two bow^el loops — afferent 
and efferent — aie approximated for at least lo cm by suturing the inferior 
“white bands” together It is preferable to add an additional second line 
of sutures The next step consists of two incisions, not larger than three 
centimeteis, made on either side of the primary longitudinal incision The 
secondary incisions aie made lateially about three centimeteis from the skin 
edge of the abdominal incision and paiallel to it They should be placed 
so as to correspond to the middle thud of the first abdominal incision 
The lateial incisions divide only the skin and subcutaneous tissue From 
each lateial incision a tunnel is foimed tow^ard the medium incision by 
pushing a closed hemostat through the intei veiling subcutaneous tissue 
Undei no ciicumstances should the tunnel traverse any tissue except the 
subcutaneous fat Through each lateral incision a six-inch crushing clamp 
is inserted and bi ought out in the aiea of the original incision By gentle 
manipulation the two clamps are applied to the colon through the free space 
travel sed by the tape The bowel is divided wuth the actual cautery and 
all bowel material between the clamps burned away By gentle maneuvering 
the clamps are wuthdrawn, with the attached bowel ends through the lateral 
incision — the afterent loop through the lateral incision on the patient’s right 
side, and the efferent loop through the lateral incision on the patient’s left 
side The free loops of bowel should extend at least two centimeters above 
the level of the skin and rest easily, without tension, on the surface of the 
abdomen If the lateral incisions are short, not more than three centi- 
meteis in length, the skin orifice will fit snugly, but not tightly, about the 
bow^el tubes, and sutuies will not be requiied The abdominal incision is 
closed by interrupted through-and-through sutures of Malm stainless steel 
w'lre This ware ties almost as leadity as linen wathout breaking, and the 
sutuies are ahvays buried beneath the skin, never do they pass through the 
skin as ordmar}'- retention sutures 

It is our custom to approximate the skin with Michel’s clips and to put 
a short, fiA'^e-centimetei , latex dram m the lower angle of the w^ound Finally, 
the operative aiea and the bowel loops aie smeared with sterile vaseline, the 
crushing clamps anchored to the abdominal wall by adhesive, and sterile dry 
diessmgs applied The clamps are left on three days, occasionally they 
ma} be lemoved sooner, and, rarety, a Paul’s colostomy tube is affixed 
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to the right afferent loop at the completion of the opeiation The latex 
diain IS usually withdiawn at the time the clamps are lemoved 

POSTOPERATIVE CARE 

The postopeiative caie is simple Foi 24 houis the patient receives 
all his fluids intiavenously Three infusions of 1,000 cc aie given dm mg 
the first day The fiist is of noimal saline, plus five pei cent dextiose, the 
second and third are of distilled water plus five pei cent dextiose In the 
debilitated, anemic, or aged, 01 when vomiting has been piesent befoie 
operation, it has been our piactice to add 10 cc of a 1-1,500 steiile solution 
of hydiochloiic acid to one of the infusions of distilled watei 

At the end of 24 hours the patient is given watei by mouth, and as the 
oral intake increases the intravenous fluid is diminished pm t pa<ssu At the 
end of 48 hours soft diet may be instituted, and aftei the clamps are removed 
a gradual return to full, high piotein, high caloiic diet is lesumed The 
patient is allowed out of bed at the end of one week and may he dischaiged 
at the end of 10 days 

TECHNIC OF CI.OSURE OF THE DEVINE COLOSTOMY 

The dosuie of a Devine colostomy embiaces two phases Reentiy into 
the hospital for the application of the spm clamp , and sul^sequent office 
tieatments With the patient m the hospital, and in bed, the special 
Devine colostomy spm clamp, (01 the Ochsner-DeBakey modification, which 
I peisonally prefer) is manipulated into place and the compress sciew turned 
up about halfway Theie is a slight degree of pain while the clamp is 
being applied and the compression §ciew turned This discomfort lasts a 
few hours, and only rarely will the patient vomit fiom a peritoneal leflex 
It is a good plan to have the head and thorax of the patient slightly raised 
by two pillows, 01 a Fowler position of 20 degiees By this degree of eleva- 
tion the small intestines fall away from beneath the colon I do not know 
of any case wheie the application of the Devine spur colostomy “caught’ 
the small intestine If the double-barrelled tube of colon was adequately 
and pioperly piepared at the colostomy opeiation this complication should 
never occur 

Aftei the clamp has been m place for 24 houis full compression is 
exeited by turning the compression sciew up to the “hilt” In anothei 24 
to 48 hours, a linear line, about five to six centimeters in length, will be cut 
thiough between the afterent and effeient loops After lemoval of the 
clamp, it has been 0111 practice to insert the index finger of each hand through 
the, lespective, right and left colostoiity orifices and “iron-out” the linear 
cut to a full, round, circular lumen After this the patient may he discharged 

Noimal bowel movements begin to occui pei via nafinalis Aftei the le- 
estabhshment of bowel movements the orifices of the colostomy begin to 
close by themselves At the fiist visit to the office, all lediindant mucous 
membiaiie is burned away nith the electnc caiiteiy If care is exercised 
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to cauterize only the mucous membrane no pain is experienced, although the 
area may get a little “hot ” A short wait will allow one to proceed With 
three or four cauterizations the skin covers the orifices, although gas may 
come through for thiee or four weeks on straining After about five or six 
weeks the orifices remain permanent^ closed 

INDICATIONS FOR EXTENSION OF EMPLOYMENT OF THE DEVINE COLOSTOMI 

This communication concerns itself with an extension of the indications 
foi employing the Devine colostomy for surgical conditions of the left oi 
distal colon 

There are certain basic or fundamental principles that underlie the 
acceptance of the Devine technic for colostomy in large bowel surgery 
It IS axiomatic that the simplest type of colostomy — that performed by 
mobilizing a loop of colon, transfixing it with a glass rod, and later dividing 
the bowel — is the worst type for function and for subsequent closure It 
IS of prime importance that there should be no spilling-over of feces from 
the proximal loop into the distal loop Even when the bowel is completely 
divided 111 the loop colostomy a fluid stool will inevitably spill-over into the 
low'ei loop In the Devine colostomy this is impossible, as the orifices of 
tlie two loops are separated by five centimeters of normal skin 

“If a segment of bowel is completely isolated experimentally and thus 
deprived of its functions, in the process of time it will lose much of its 
bacterial content” (Devine) It is the complete “defunctionahzation and de- 
bacteiiahzation” of the distal colon that is the outstanding feature of the 
Devine colostomy Furthermore, the orifices of the colostomy, situated high 
up on the upper abdomen, fai away from the surgical condition of the left 
colon or rectum, permits readily the local treatment of the entire loop of 
distal bow^el by ii ngation, instillation of solutions of the “sulfa” drugs and, 
moie important, complete physiologic rest to the loop of bow^el proximal 
to the surgical lesion 

In neoplasms of the left colon, sigmoid and rectosigmoid there is a con- 
stant and inherent tendency for some degree of obstruction to the bowel 
lumen — colicky pain and distention Whenever obstruction begins to operate 
in an intestinal tube, the proximal bow'el immediately responds by hyper- 
trophy This hypertrophy, for a variable time, is sufficient to overcome the 
obstruction Later, the proximal bowel fails to keep pace with the obstruction, 
edema of the muscular layers takes place, and m some degree — ^greater or 
less — dilatation follow's It is not without inteiest that about three per cent 
of patients with a carcinoma of the sigmoid enter the hospital with complete 
intestinal obstruction In the proximal loop there is muscular hypertrophy, 
beginning to fail in power and dilatation, with stasis of intestinal contents 
The net-result is a living test tube of bacteria of the highest virulence Any 
anastomotic surgery directed against the septic upper loop carries wnth it a 
high incidence of mortality, from leakage or suture separation Furthermore, 
sutures passed through such a diseased bowel are very apt to leak, even if 
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the sutuie line lemains sufficient to prevent gross sepaiatiou of the hovel 
segments Peritonitis is the inevitable result Another source of peritonitis 
IS the ruptuie into the peiitoneal cavity of an abscess aiising fiom the catgut 
employed in the closure of the abdominal paiieties Hence, the use of 
mteriupted wire sutuies refeired to pieviously 

With the complete defunctionabzation of the distal loop, as obtains in the 
Devine colostomy, the obstructive phenomena aie of no importance, the 
muscular layers of the bowel walls lose their edema and leacquiie then 
noimal tonicity Stasis is no longer possible, the distended bowel lumen 
returns to its noimal calibei, oi even shiinks somewhat fiom physiologic 
disuse Sutuies placed m a bowel loop, thus restored to noimal, will hold 
and not leak Again, the bacterial floia of such a defunctionahzed and theia- 
peutically treated bowel is reduced to minimal numbeis and viiulence — in 
short, a leasonably aseptic bowel tube is obtained V^dien a neoplasm begins 
its lethal maich m the bowel it eaily initiates ceitain physiologic and bacteiio- 
logic changes within the lumen of the bowel There is an increase of peri- 
stalsis, a largei excretion of mucus and an inci easing peimeabihty of the 
bowel wall not infrequently leading to perforation There then ensues a 
ciicumferential inflammation In the aiea of the neoplasm theie is inci eased 
vascularity, edema and infiltration with inflammatory cells In fact, eveiy 
neoplasm induces peripheral inflammatory changes, with fixation, loss of 
flexibility, and mobility of the bowel Surgeons have been impiessed re- 
peatedly with the amount and degree of inflammation in the aiea of a hovel 
neoplasm, with fixation of the affected bowel to bladder, to the pelvic visceia 
in the female, to small intestines and omentum Such secondary changes in 
the area of a neoplasm greatly increase the technical difficulties of resection, 
lessen the operability and laigely increase the mortality and moibidity When 
the distal loop is defunctionahzed by a Devine colostomy these inflammatoiy 
changes resolve, largely disappear, local resistance is enhanced, fixation les- 
sened, and mobility inci eased The surgical gam is largely m increased 
operability, less moitality, fewer complications and more rapid recoveiy 

The theory and conception, as well as the practical application of the 
Devine colostomy is based upon defunctionabzation of the bowel, vith le- 
duction of the sepsis and inflammation in the affected bowel Upon these 
concepts, it is possible to extend the indications and usefulness of the Devine 
colostomy It may be performed some days or weeks before lesection oi, 
occasionally, may be performed at the same time as the resection, although 
I do not recommend it as a simultaneous operation with resection except 
undei very special circumstances The Devine colostomy can be employed 
with great value in the following conditions 

SCOPE OF EMPLOYMENT OF THE DEVINE COLOSTOMY 
ILLUSTRATIVE CASE REPORTS 

I As a pielimiiiary operation to an abdomino-penneal resection for car- 
cinoma of the rectum Not infrequently, carcinoma of the rectum is associated 
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with an extreme degree of inflammation It is the lattei and not the cancer 
pe) se that fixes the tumor to the bladder or pelvic viscera With a Devine 
colostoni}^ and local intialummal therapy it is possible to bring about a gieat 
degree of resolution in the inflaminatoiy piocess, and convert an inoperable 
carcinoma into an operable one 

Case I — Male, age 6 g, complained of “loose bowels and lots of gas ” A mass could 
be felt m the lower left quadrant and, on rectal examination, at 15 cm from the anal 
margin a flat, ulcerating growth, with almost complete obstruction of the upper rectum 
could be seen through the proctoscope Biopsy revealed adenocarcinoma The tumor 
mass was “frozen” in the pelvis, and a strong suspicion was entertained of metastases 
m the Iner By reason of the perirectal involvements, a palliative colostomy seemed to 
be the only procedure indicated A Devine colostomy was performed, daily bowel 
function was readily obtained through the colostomy, and treatment of the distal loop 
instituted Twenty one days later a typical abdommo-penneal resection was performed 
The technical procedures were carried out without undue difficult}' A terminal, left 
lower quadrant permanent colostomv w'as performed as a routine part of the abdomino- 
perineal resection with the plan of later reestablishing colon continuity by discontinuing 
the Devine colostomy Without the preliminary Devine colostomv it would, in my 
opinion, have been impossible to accomplish an abdommo-penneal resection without 
a mortality 

2 As a preliminary opeiation for rectosigmoidal adenocarcinoma and by 
this means to peimit a low end-to-end anastomosis and avoid an abdommo- 
penneal resection 

Case 2 — Female, age 65, consulted her physician for “bleeding from the rectum ” 
Under spinal anesthesia, a sigmoidoscope was introduced into the rectum and, 20 cm 
from the anal margin, an obstruction was encountered, with bleeding Two biopsy- 
punch specimens were obtained which show'ed adenocarcinoma A Devine colostomy 
was performed and intraluminal therapy was initiated through the distal colon 
Twenty-seven days later, thiough a left low'er rectus incision, the lower half of the 
sigmoid and rectum w'eie mobilized down to the cul-de-sac, and a resection, with 
aseptic end-to-end anastomosis performed The patient was discharged at the end of 
three w'eeks, returning to the hospital after an interval of three months A Devine spur 
clamp w'as introduced, without any anesthetic, and the spur ecrased The orifices of the 
Devine colostomy later closed spontaneouslv, aided by cauterization on three occa- 
sions In this case an abdommo-penneal resection w'as avoided 

According to Miles, metastatic lymph node invasion of carcinoma of the 
1 ectum folloAvs thi ee separate and distinct paths ( i ) The intramural system 
consists of two netw^orks, one beneath the mucous membrane, and the other 
between the muscle layers, (2) the inteimediaiy system consists of a sub- 
serous network, wdiere the 1 ectum is covered b} peiitoneum, and a lymph 
sinus w'heie the 1 ectum is not covered by peiitoneum, and (3) the extra- 
muial 13'mphatic system of the rectum has (a) an upw'ard zone of spread 
draining into the lymph nodes that eventually terminate in the angle of 
divarication of the ihacs fiom aorta and (b) the lateral zone of spread, wdiich 
extends laterally involving the 13'mphatics of the levator am, the prostate 
in males, the ceivix and broad ligament in females, and (c) the dowmw'ard 
zone of spread wdiich extends toward the external sphincter, and the lower 
fibers of the levatoi am Raiel}' does a rectal cancer metastasize dowm- 
ward 01 into the gioin 
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The approach to the tumor m this patient through the abdomen, fiom 
above downwards, following the technic of an abdomino-peimeal opeiation, 
peimitted the suigeon to deiive all the suigical benefits of the ladical 
abdommo-penneal lesection, and yet pieseive the noimal anus 

3 As a piehmmary (laiely simultaneously) opeiation foi lesection of 
a sigmoidal neoplasm 

Case 3 — Female, age 58, complained of pam in the lower abdomen moving trans- 
versely to the left and, for the same period, had noticed blood in the stool Barium 
enema examination showed a definite, and somewdiat iriegulai naiiownng of the lumen 
of the colon at the junction of the sigmoid and descending colon foi a distance of 
about seven centimeters Opeiation revealed an annular caicinoma aiising fioin 
the middle of the sigmoid, involving the entiie ciicuinference of the bow'el, leaMiig a 
lumen approximately the size of a lead pencil A lesection, wuth a lateral sigmoido- 
rectostomy w'as performed, and immediately follow'ed by a Devine colostomy 

The patient made an uneventful recovery, except that 17 days after tlie resection— 
when we contemplated restoring colon continuity thiough the Devine colostomy loops — 
a barium enema show'-ed some extiavasation from the distal lesected end of the sigmoid 
With the functioning Devine colostomy, it w^as possible to take all the time that was 
necessary for the fistula to close Intraluminal therapy m the distal loop could be 
continued, and the fistula w'as neithei contaminated nor complicated by the seepage 
of stool After foui w'eeks at home the patient leturned to the hospital, wdien a 
barium enema showed that the leakage had ceased An Ochsnei -DeBakey (Devine) 
colostomy clamp w'^as applied The spui w^as eciased wnthin foui days, and bow'el 
movements pei anus reestablished The orifices of the Devine colostomy were cauteiized 
on three different occasions, in the office, and closure allowed to proceed wnthout any 
fuither care 

4 As a prehminaiy and tempoiary opeiation foi acute peifoiating divei- 
ticulitis 01 “diveiticular tumoi” of the sigmoid 

Case 41 — Male, age 62, enteied an hospital elsewheie, with a complete intestinal 
obstruction, due to a rectal mass, diagnosed as inoperable carcinoma of the rectum 
A colostomy was recommended, together with roentgenotherapy The patient enteied 
the Post-Graduate Hospital The obstruction was so complete that a barium enema 
could not be intioduced The patient’s histoiy w'as characterized by three significant 
features (i) Intermittent pam in the left low''er quadiant, (2) bladdci iintabihty, 
with painful micturition, and (3) an absence of blood m the stools On examination, 
the patient was found to have a mass in the left low^er quadrant On 1 octal examina- 
tion, there was complete obstruction from a laige, tender, pehic mass Theie was no 
rectal bleeding upon examination A preopeiative diagnosis of pcrfoiatmg dnci- 
ticulitis of the sigmoid was made 

Tbe operation consisted of a Devine colostomy throagh the right upper rectus 
muscle On opening the abdomen a complete abdominal exploiation w'as earned out 
wnth the followung findings The descending colon passed dowm, unimpeded into the 
sigmoid, where an infiltiating process involved the entire w^all of the bowel and 
extended from the sigmoid to the junction of the rectum propei There w'as a maikcd 
inflammatory reaction surrounding the mass, so that it ivas fixed to the lateral and 
posterior w'all of the tiue pelvis The small intestines seemed to be normal The 
liver W'as w'lthout any palpable or visible eAidence of metastases 

The patient left the hospital 15 daj's postopei ative Two months latci, a barium 
enema, from below' upwards to the left upper colostomy opening, did not show an\ 
roentgenograplnc evidence of obstruction The beginning of the sigmoid for a di'-tancc 
of eight centimetei s, show'ed irregulantA' and small pocket like di\ ei ticula Roentgeno- 
logic examination fiom above dow'iiw'aids, through the left upper colostoniA opening 
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did not show the presence of any obstruction Three and one-half months from the 
time of the Devine colostomy, an Ochsner-DeBakey spur clamp was applied, and bowel 
continuity reestablished One month later, the right colostomy wound closed spon- 
taneously, and a few weeks later the left colostomy opening was closed, after two 
cauterizations of the mucous membrane and granulation tissue 

5 As a pieliminary and permanent colostomy for resection of the left 
colon and rectum for ulcerative colitis 

Case 5 — Female, married, aged 40, complained of diarrhea, and blood and mucus 
ot two years duration, numerous bowel movements were accompanied by severe lower 
abdominal cramps Barium enema revealed no evidence of organic obstruction The 
proximal colon appeared somewhat atonic and distended, and there was luminal constric- 
tion with spasm in the distal colon and sigmoid The descending colon and sigmoid 
appeared rigid and tubular, due to chronic inflammatory changes During the course 
of the following year the patient developed multiple ischiorectal abscesses, with fistulae, 
and a destruction of the sphincter from continuous suppuration 

Dr Z Bercovitz, of the New York Post-Graduate Hospital staff, was of the opinion 
that the rectal condition was part of a nonspecific ulcerative colitis and not lympho- 
granuloma venereum An exploratory celiotomy was performed through a right upper 
rectus incision, and revealed a chronic inflammatory change of the rectosigmoid, descend- 
ing colon and rectum At approximately the midpoint of the transverse colon, the large 
bowel appeared to be normal A Devine colostomy was performed 

Four specimens were taken from the rectum, about four inches above the anal 
margin, which showed acute and subacute inflammation, compatible with nonspecific 
ulcerative colitis The patient was discharged, with a functioning Devine colostomy 
on the 26th day after operation, to continue irrigations of the left bowel and mtra 
luminal therapy at home For 13 months following the Devine colostomy the patient’s 
general condition improved, the anemia disappeared, and there v^as a continuous gam 
in weight and well-being However, the rectal and bowel condition, although markedlj 
improved, was not satisfactory Blood and pus were discharged intermittently from 
the rectum and the fistula A very distressing rheumatoid condition intervened, in- 
volving fingers, wrist, shoulders and knees After consultation with Dr Z Bercovitz, 
we came to the conclusion that nothing more was to be gained by continuing the 
treatment A complete resection of the left transverse colon, descending colon and 
sigmoid, combined with an abdommo-penneal resection, was carried out as a one-stage 
operation, through a left pararectus incision 

The pathologic report Was chronic ulcerative colitis, with stricture The patient 
made a rapid recover}", and was discharged on the 30th day postoperative The patient 
now has a right upper rectus, terminal colostomy, with good function Incidentally, 
the rheumatism began to improve immediately, and later disappeared 

The plan of utilizing the technic of the Devine colostomy in this case was 
based upon the patient still having an appaiently normal right colon With- 
out the Devine colostomy I do not believe the same result could have been 
accomplished 

6 As a temporal y colostomy to correct a fistula following anastomotic 
sui ger}" on the left colon 

Case 6 — Female, age 35, complained of intermittent abdominal pain of one year’s 
duration Roentgenologic examination revealed an annular type of infiltrative lesion 
along the distal portion of the descending colon A resection, with a lateral colo- 
sigmoidostomy and cecostomy, was performed, m another clinic, for adenocarcinoma of 
the descending colon Seven days after the resection, stool began to appear through 
the abdominal wound The cecostomy was not functioning A catheter cecostomy has 
always seemed to me to be a very unsatisfactory operation It does not “detour” the 
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stool, and in about one-half the cases m which it is emplo3^ed it fails to work alter 
a few days or at least functions imperfectly A Devine colostomy was performed 
on the 14th day after the primal y resection Obviously, from the time of the Devine 
colostomy there W'as no fuithei discharge of stool fiom the left low'er abdominal wound 
The patient was discharged fiom the hospital on the 45th day postopeiative, with a 
fully functioning Devine colostomy and a healed cecostomy and resection w^ound After 
two months at home, a barium enema revealed a fully functioning side-to side anas- 
tomosis m the lower part of the descending colon and colostomy openings of the mid- 
transverse colon The patient leentered the hospital, and Devine spur clamps w^ere 
applied, and fecal current through the left bow^el reestablished Later the orifices of 
the Devine colostomy closed gradually, without any surgical proceduies Barium 
enema 14 months latei levealed a side-to-side anastomosis of descending colon, w'lth 
an adequate patent stoma 

7 As a piehminaiy measure foi cases complicated by intestinal, vesical 
01 lectal fistulae 

Case 7 — Male, 30, enteied an hospital elsewheie, complaining of bladder trouble 
The clinical lecoid notes “that upon cystoscopic examination there w^as on the posteiior 
W'all and dome of the bladder, a laige infiltrating tumor” A biopsi"^ specimen w'as 
obtained but reported “unsatisfactoiy for diagnosis” A celiotomy, through a midlinc 
supiapubic incision, levealed “pelvic colon intimately adherent to posterior w'all of 
the bladder, incorporated with seveial loops of ileum The entire mass w'as fixed 
to pelvis No hiopsy was taken Colostomy w^as pei formed, wnth the descending 
colon through a left iliac stab w^ound ” Gi Diagnosis “Carcinoma of the rectum ” 

Four months latei, the patient entered the New Yoik Post-Giaduate Hospital, 
piesenting a left lower quadiant loop-colostomy, great emaciation, anemia, a laige 
pelvic mass of extiarectal origin, and an infected bladder, w'lth pus and led blood cells 
m the urine He had been receiving three 01 foui injections of morphine each day 
foi pain An exploratoiy celiotomy was indicated, as the previous diagnosis of carcinoma 
of the rectum could not be sustained m the absence of any diiect symptoms or signs 
of lectal involvement In view of the very unsatisfactoiy colostomy, and a known 
pelvic tumoi, it was decided to establish a Devine colostomy, and explore the abdomen 

Opciafwn — The abdomen Avas opened thiough a right uppei rectus incision and 
all the viscera m the uppei abdomen w'ere found to be normal A simple loop- 
colostomy had been pei formed Wedged 111 the pelvis was a mass, shaped very much 
like a large Idaho potato, fixed to the bladder, rectosigmoid, lectum and small in- 
testine A Devine colostomy w^as established to defunctionahze completely the left 
colon and rectum After the Devine colostomy A\''e were greatly chagrined to find 
that veiy little stool came thiough the right Devine colostomy orifice, but that profuse 
liquid stool continued to pour forth from the sigmoidostonii'’ As no mateiial could 
pass thiough the tiansverse colon after the Devine colostomj'', it w'as apparent that 
theie must be a fistulous communication via the tumoi into the lectosigmoid below the 
sigmoidostomy Nine daj’^s later, after thiee tiansfusions, a celiotomy was performed 
thiough a loAver midlme incision On opening the abdomen, the cecum was found 
lodged in the pel\us, markedlj’' hjqiei A^ascularized, and covered with chronic gianulation 
tissue The mass w'as fused to the base of the bladdei and to the upper portion of 
the rectum within the lectovesical pouch The last 18 inches of terminal ileum 
W’ere one firm, agglutinated mass, attached to the cecum, bladder, and to the sigmoid 
below the colostomj’ opening The picture Avas that of a typical inflammatory condi- 
tion, secondary to intestinal peifoiation or to a preAious appendiceal abscess 

The peU’ic tumor AA’as dissected fiee, cii masse, from the bladder, rectum and sig- 
moid, and delivered into the AA’ound It AA’as found that the tumor consisted entirch 
of the products of a subacute inflammatoi y disease of the head of the cecum, appendix 
and terminal ileum Theie AA’as a fistulous communication belA\etn this small intestinal- 
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cecal mass and tlie rectum about midway between the sigmoidostomj wound and the 
anus The terminal ileum and cecum were resected, and an end-on-side ileocolostonij 
performed, using Furmss’ clamps Four sheets of rubber tissue were placed in the 
rectovesical pouch, and in the center of these uas placed one strip of iodoform gauze 
saturated with Cutler’s solution The effect of the four sheets of rubber tissue was to 
exclude, completelj, the pelvis from the upper abdomen Into tiie peritoneal ca\lt^ 
abo\e the pehic nm was inserted five grams of sodium sulfathiazole The abdomen 
was closed wuth Malm stainless steel wnre 

The patient had a stormy convalescence for the first ten da3s but later gamed 
se\ en pounds, and left the hospital 24 days after the resection, wnth a dry signioidostonij^ 
clean bladder, and a good functioning Define colostomy 

Pathological Repot i Regional ileitis, with multiple strictures and multiple sinus 
formation, and chronic Ij mphademtis of the mesenteric Ijmph nodes 

utilizing the technic of a Devine colostomy the surgeon can dis- 
regaid — ^for an indefinite period — the entire left colon, sigmoid and rectum 
The fistulous opening into the rectum below the sigmoidostoiu}'- w ill he allowed 
to heal naturally and the surgeon can reserve for a later and safer time the 
closure of the sigmoidostomy In Case 7, a senes of serious errors m diag- 
nosis and tieatment plus grave bowel complications, w'ere overcome by em- 
ploying a Devine colostomy as the pivotal point for surgical lemoval of 
the tumor 

It should be stated that in the Devine colostomy certain technical details 
need emphasis There is a rather marked tendency for the de\elopment of 
postoperative heiniation at the side of the Devine colostom}’^ This may, in 
a measure be obviated by making the Devine colostomy directly through 
the fibers of the rectus muscle It is to be recalled that the fibers of the 
rectus muscle divaricate from the navel upward and outw'ard to their in- 
sertion at the costal arches This lea\es an isosceles triangle with the base 
at the xiphoid cartilage and the apex at the navel that is devoid of muscle 
fiber By placing the second incisions of the Devine colostoni}'’ in the middle 
of the bell)’- of the rectus muscle and somewhat lower than desciibed, this 
tendency for herniation is laigely obviated It is equally important that 
the loops of the Devine colostomy after emerging from the abdomen are 
intubed onl) through subcutaneous tissue befoie their exit on the skin 
It is also equall) important that in the ecrasement of the spur the Devine 
colostomy clamp be inserted well down and I think it is also well to have 
the patient in somewhat of a Trendelenburg position in bed wdien the clamp 
IS applied , the small intestines will therefore, fall aw a) from the double- 
barreled tubes, and the clamp can be inserted more deeply It is also 
to be emphasized that the cutting-through of the spur should be adequate 
It has been our custom after the clamp is removed, to introduce the index 
finger of each hand through the respective right and left colostomy orifices 
and "iron-out” and divulse the new stoma Furthermore it has not been 
found necessar) m our limited number of cases, to do anything to close 
the orifices of the colostomy after it has been decided to reconstitute colon 
continuity except to cauterize the onfices In from three to six weeks both 
the onfices will close There is a tendency aftei the right oiifice is closed 
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for it to lireak open and occasionalh allow the escape of some gas The 
patient is usuall} distressed to find this occurring and a word of assurance 
that it will terminate in a short time usualh alla3s his apprehension 

CONXLUSrOXS 

r The De\ine colostonn is a fundamental contribution to large bowel 
surge ri 

2 Attention i*^ directed to the basic principles undeihmg this procedure 
iiaineh complete “defunctionahyation and debactenahzation’ of the distal 
colon 

3 In a series of cases in which it has been emplo3ed it is eMdent that 
the range of application or indications for its empIo3mcnt ma3 be wideh 
extended 

4 The De\ine colosioim is technicalK without difficult3 It is safe and 
easih controlled with reasonable care and gnes a continent anus 

5 It ina3' be emploNcd as. a jirehminan or first-stage safet3 operation 
or continued a^ a permanent colostonn 
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VII — THE INFLUENCE OF GASTRIC SURGERY UPON THE 
CHEMICAL COAIPOSmON OF THE LIVER 

I Ariel, M D , G T Pack, M D , and C P Rhoads, M D 

New York, N Y 

FROM MEMORIAL HOSPITAL NEW ‘iORKT N \ 

In a previous study, the chemical composition of the hveis of patients 
subjected to gasti o-intestinal suigery was determined The segments of hvei 
lemoved for chemical analysis were obtained as soon as the peritoneal cavity 
was enteied In 13 patients submitted to gastric opeiations, additional 
hepatic tissue samples were obtained at the teimination of the operative pio- 
cedures The chemical analyses of these postopei ative specimens, wdieii com- 
paied wntli the analyses of the biopsies taken at the start of each operation, 
offer an opportunity to study the effects of the tiaunia incident to gastric 
surgery The effects would include the influence of the anesthesia upon 
the chemical constituents of the liver 

Intra-abdoniinal surgical trauma of this degree does alter the metabolism, 
as indicated by an outpouring of nitiogenous end-pioducts of protein metab- 
olism during the immediate postoperative course ^ Evidence of liver dys- 
function following surgery, detei mined by huppunc acid test, is noted 
A moie exact understanding of the alterations of the hepatic constituents, 
theiefore, may permit the preoperative, concurrent, and postoperative ap- 
plications of methods suitable to combat any deleterious changes in tlie livei 
Clinical Material and Methods — Of the 13 patients used in this 
stud), eight had gastric cancer and five had non-neoplastic diseases of the 
stomach The opei ative piocedures were giouped into ii subtotal gasti ec- 
tomies, one total gastrectomy, and one gastro-enterostomy In several 
patients an average of 250 giams of glucose w'as administered during the 
ten hours prior to operation The effects of the glucose on the composition 
of the livei are described in a pievious communication’^ The patients w'ere 
given morphine sulphate gr 1/6, scopolamine gr 1/150, and nembutal gr 111, 
fiom one to two hours before being taken to the opeiating room All patients 
w^ere anesthetized with spinal anesthesia (pantocaine) The spinal anes- 
thesia w^as occasionally supplemented by inhalation or intravenous anesthesia 
(sodium pentothal) during the couise of the opeiation The anesthesia 
used m each instance is lecorded m Table I In eveiy case, as soon as the 
operation w^as begun, intravenous fluids w^ere administered, usually consisting 
of normal saline solution, wdiole blood, or both The operating 100111 w^as 
air-conditioned and maintained at a temperature of 78° F , and 50 pei cent 
humidit)'' 

Technic of Biopsy — At the completion of the operative procedure, and 
before the peritoneum w^as sutured, the liver biopsy w^as obtained from the 
inferior border of the left lobe, usually to the right of the region from which 
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the biops} had been taken at the stait of the opeiative pioceduie Dififeient 
poitions of the Inei have appi oximatel) the same chemical composition, 
accoi ding to Roin ke and Stc\\ ai t The In ei biopsy was ti eated and analyzed 
bv methods desci ibed m a pi evious publication ^ 

ixrLUKNCi: ox Tirn ciiumical composition of the liver 
The essential data aie piesented m Table I Analysis of tbe figuies foi 
each hepatic constituent ie\eals the following changes 

U’atci — In most instances thcic was an incicase in the total w^ater con- 
tent ol the In Cl dm mg the opeiatnc pioceduie A deciease m the w'atei 
content was found in one patient and a questionable deciease m two otheis 
The a\ciage inciease m the total Inci watci dining the opeiation w^as i i 
per cent This is an mtei eating obsenation, since it has been demonstrated 
that dm mg an opeiatnc pioceduie tbcic is a loss oi fluid Aaiying fiom 500 
to 2000 cc *'■ 'J'he administration of an a\eiage of 1,200 cc of fluid to 
])atients dining the com sc of the opeiation on the stomach is piobably com- 
])ensated for In the los^ consequent lo .abdominal singeiy The fact that 
the ojierating 100ms weic <111 -conditioned mai lie one possible factoi con- 
tributing toward the loss ol a minimum (piantiti of fluid dm mg the opeiation 
Chio) idc-Sf^acc — \n accuiale estimate of the chloiide-space liefoie and 
alter opei.ition is not Ic.isible (the teim “chloi idc-spacc’ is used m this papei 
to appl} to that poition of the Inei which is extiacellulai , and which may 
he used to lepiesent the extracellulai watei ) ’ The calculation of the chloiide- 
space depends on the e'^tunalion of the pla'^ma chloiide " Dunng the opeiatne 
procedmes howcwei the patients leceived noimal saline solution mtiaven- 
oush with a continuation dining the immediate poslopeiative couise This 
lactor pre\cnts an .acemate estimation of the seium ihloiide. which is neces- 
sar} foi calculating the chloi ide-spacc ol the oigan 

Howexer. a lough estimate of these \ allies is possible In five patients 
tliere was an increase m the chloi idc-space but m sewen theie was a definite 
deciease In sexeial inst.mces, the deci eased chloi ide-spacc was associated 
with an inciease of the total w.itci m tbe h\ei This indicates an inciease 
in the watei within the cell dm mg the opeiation, m some instances at the 
expense of water in the cxtiacellulai position Such figuies demonstiate the 
marked variations m fluid exchange of the difleient patients subjected to 
siirgeiy It demonstiates that changes in hydiation occui wnthm the tissues 
during the opeiation and that a shift of the tissue watei betw'een the intia- 
aixl extiacellulai compaitments takes place 

In some of the patients studied, theie was an inciease m livei lipid and 
decrease in glycogen dunng the opeiative jnoceduies Inasmuch, as glycogen 
IS deposited with watei, its loss fiom the hvei would be associated wnth a 
loss of intiacellulai watei Furtheimoie, lipid is deposited m the livei 
without w'atei, and an inciease m hepatic lipid w'ould tend to deh)xhate 
the liver cell® Thus, dunng an opeiation, m wdiich theie is a loss of 
glycogen and gam in lipid, one wmuld expect a deciease m hepatic watei 
The obseivation that an inciease m hepatic cell w^atei ocems during some 
surgical procedmes indicates that exchanges of cellulai w^atei may occur 
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independently ot the hepatic glycogen, hpid and protein content 
Glycogen — The livei loses gl3'cogen during opei ations on the stomach 
Pre- and postoperative glycogen values were obtained in ten patients An 
average loss of 204 Gin pei cent of glycogen occuiied, uith a range varying 
from 075 Gm per cent to 387 Gm pei cent The aveiage preoperative 
hepatic glycogen value in the ten patients studied was 447 Gm per cent 
Thus an average loss of 45 per cent of the glycogen content of the liver 
occtiired during the operation In those instances where the patient had a 
low pieoperative glycogen level, the loss frequently exceeded 50 per cent 
and in one case (T B ) the loss equalled 75 per cent of the total preoperative 
glycogen content There was no constant, significant coi relation between 
the level of the hepatic gl3'^cogen and the quantity lost 

The observation of Maclnt3we, et al that no significant alterations of 
glycogen occui during operations, may possibly be explained in part by de- 
h3'^dration, and a corresponding concentration of gtycogen, as the3'^ do not 
l^resent values for the hepatic water In the senes piesented here, the 
slight increase m total ivater may cause some dilution, but on plotting the 
intracellular water alteration against the alteration in glycogen, no con elation 
IS noted This indicates that the glycogen loss is real and not a result of 
alterations in hydiation 

Lipid — Theie is a significant fluctuation ot the hepatic lipid during 
the usual time consumed in these majoi gastiic opei ations Case J R 
cannot be considered as absolute^ typical of this group, because m this 
patient the liver contained lesions of Boeck’s saicoid, and the pathologic 
involvement must have contiibuted somewhat to the chemical alterations In 
the othei ii patients, in whom determinations were seemed there was an 
increase of hepatic lipid m seven, and a deciease in foui instances There 
was evidently no lelationship between the initial hepatic lipid level and 
the loss or gam in hepatic hpid during the operation No lelationship was 
observed beD\een the anesthesia employed and the postoperative hpid content 
of the liver, nor did the duration of the operation significantly alter the 
postoperative hepatic hpid content When a gain of hpid was observed, the 
fact ma3’’ be interpreted as representing an influx of fat to the hvei under the 
stress of the major operative procedure In those instances where a de- 
ciease in the hpid content occurred, it ma3'^ be the lesult of catabolism of 
the hpid foi purposes of energy 

Pi oteni — The total protein in the livers of four patients increased during 
the opei ations, m one patient theie was no alteration, and the protein 
content of the livers of six patients decreased during the operative procedures 
The average gam in protein of the foui patients was i i Gm per cent and 
the average loss m hepatic protein of the six patients was i i Gm per cent 
No definite interpretations can be derived fiom these changes, except that 
they do shou the rapid rate of exchange that hepatic piotems undergo, and 
demonstrate that the3" are engaged in active metabolic changes and aie not 
inert structural units 

Alterations in the “albumin ’ and “globulin ’ fi actions of the liver pioteins 
during the couise of an operation 3nelds the following information In the 
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II patients studied, an inciease in the albumin fi action in the postoperative 
specimens occuiied m eight instances, and a deciease occuiied m two In 
one case, no alteiation \\as noted The aveiage cliange of all deteiminations 
vas an incieasc of 088 Gm pci cent of albumin The increased albumin 
was usually associated ^\lth a deciease in globulin content In two patients, 
tlieie vas an inci eased hepatic globulin (aveiage 066 Gm per cent) In 
one patient theie was no alteiation. and in seven patients, the decrease 
in hepatic globulin aveiaged 1 4S Gm pei cent The ovei-all alteration of 
the hepatic globulin in the ten patients was a loss of o 9 Gm per cent 
These alteiations might he mtcipieted as repiesentmg a change of the 
hepatic piotem fi actions dm mg the period of operative stiess The physio- 
logic implication of this alteration is not appaient 


COX( LUSIOMS 

(1) In II patients studied theic was an aveiage inciease of one per 
cent hepatic water during the couise of a subtotal gastrectomy The 
intia\enous admmisl ration of fluids during the opeiative piocedures appar- 
ent!} compensates loi ain fluid lost dm mg the opeiation 

(2) A shift of fluid between the intia- and extracellular positions within 
the Ineis occuired dining operatuc pioceduies on the stomach 

(3) An aierage loss of 45 per cent of the hepatic glycogen occuired 
during the opeiation 

(4) Total hepatic lipids inci cased during surgical inteivention The 
a\eiage increase was 1 97 Gm ])ei cent 

(5) Theie was a fluctuation in the content of hepatic protein, wuth 
an increase in hepatic alhumin and a decrease m hepatic globulin during 
the operation The physiologic implication of the protein alteiation is 


not apparent 
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BRIEF COMMUNICATIONS 

CHOLECYSTECTOMY WITHOUT DRAINAGE 
Ralph B, Bettman, M D , and Gemma M Lichtenstein, M D 


Chicago, Ili, 

Drainage of the lixer bed is still employed as a routine procedure by 
most suigeons in the operation of cholecystectomy 

Many years ago we were discussing the subject of drainage with Dr 
Harry Richter, and were impressed with the results he had obtained in a 
senes of cases in which the abdomen was closed without drainage Further- 
more, we were mindful of the fact that any drainage material — a soft or hard 
rubber tube, a piece of penrose tubing, a strip of gauze, etc , — might act as 
a foreign body, and thus interfere with the healing of the liver bed or the 
stump of the cystic duct and, therefoie, from a theoretical point of view, at 
least, be a menace rather than a factor of safety Also, about that time we 
were called m consultation to see a patient who had developed a bile peri- 
tonitis following cholecystectomy, where the surgeon, following the usual 
custom, had "drained", and yet, at operation, we found many quarts of bile 
in the peritoneal cavity All these facts made us decide to attempt closure 
without drainage 

We, therefore, gradually abandoned drainage in carefully selected cases 
Our operative technic remained the same — in brief, as follows Right para- 
median or transverse incision, careful exploration of abdominal cavity, ex- 
posure of gallbladder , exposure of cystic duct , careful inspection and external 
examination of common duct in all cases, and choledochotomy, with internal 
examination of the duct when indicated (about 15 per cent of cases)*, ligation 
of cystic duct with single catgut ligature, division of cystic duct, clamping, 
cutting and ligating cystic artery with single catgut ligature, removal of 
gallbladder from bottom up , suturing peritoneal flaps over gallbladder bed, 
only if this step is necessary to control oozing, and conventional closure of 
abdominal incision 

As we had the opportunity of seeing more and more patients operated 
upon without any ill results from the omission of drainage we became more 
and more convinced of the advantages of not draining We feel that the 
postoperative course is cleaner and smoother, and the morbidity less As a 
direct result of these obsen'^ations, Ave haA'^e adopted, more or less, the fol- 
loAv mg procedure In uncomplicated cholecystectomy for chronic cholecystitis, 

* Our indications are (i) Patient jaundiced at time of operation, or if attacks of 
jaundice, (2) common duct dilated, and (3) palpation of stones in common duct Most 
cases of choledochotomy were drained 
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With or without cholelithiasis — it is laie that we opeiate foi cholecystitis 
without cholelithiasis — \\e omit diainage If complications such as abscess 
foimation, extiemely dense adhesions which might contain lesidual infection, 
01 oozing fiom the hvei bed, aie piesent then we eithei diain oi not, depend- 
ing upon the individual aspects of the case In acute cholecystitis, oi whei- 
evei the common duct has been opened we usually diain, although, heie, 
too, we weigh the individual meiits, and have, on occasions, omitted diain- 
age, with veiy satisfacton lesults 

In 01 del to mfoim oui selves of the coiiectness of our position, we have 
lecently reviewed the last 500 gallbladdei tiact opeiations pei formed by one 
of us (R B B ) We found that 373 simpR cholec} stectomies w^ere per- 
formed 111 noiiacute cases m which the common duct was not opened 

In this senes of 373 consecutne cholec} stectomies, the abdomen was 
closed without drainage m 306 instances, and some type of drainage w^as 
employed in 67 cases The moitalil} for the entiie gioup of 373 cases w^as 
file or 13 pel cent The cause of death was postopei ative pneumonia m 
one case, m two, the result ol eiisceialion, m one, pulmonaiy embolism on 
the ninth da}, and in one, the cause was unknown (a female, age 70, wuth a 
marked hypertension, who died with simptoms which led us to diagnose 
coronary occlusion) No postmoilem was obtained m this case These 
deaths all occuired in the nondiamed cases, but none of these could be 
attributed to the omission of drainage 

Seiious postopei atne complications occuiied six times m the 306 1111- 
drained cases, namel} , foui evisccrations and tw 0 postoperative pneumonias , 
one of the pneumonias eviscerated, and latei developed a subphienic abscess 
None of these patients died (These cases of evisceiation, as well as those 
tw'o quoted in the mortality list, all occuiied in one 01 the othei of those 
groups of evisceratioiis wdiich w'e noted [Bettman and Lichtenstein Aich 
of Surg , 32, 721, 1936] w'hen w'e leview^ed all the cases of evisceiation 
w^hich had occuiied ovei a ten-} ear peiiod, at Michael Reese Hospital At 
that time, w'e could not explain eiihei the cause of evisceiation or the 
peculiar gioupmg of the cases, and, although much lesearch woik has since 
been devoted to the problem, w'e aie still unceitain that any of the theoiies 
thus fai advanced will explain all cases ) 

Seiious nonfatal complications developed six times m the di allied cases, 
or 89 per cent — one instance of hemoiihage, three cases of subphrenic 
abscess, one pneumonia, wnth pleuial effusion, and one of massive collapse 
of a lung All of these patients, hkewnse, recoveied That a propoi tionately 
higher ratio of postoperative complications should develop 111 the drained 
cases, as compaied to the undiained (8 9 to 19 per cent), is easily under- 
standable because drainage was resulted to m those operations in which 
pathologic conditions seen at opeiations made us decide to depart from our 
usual procedure of not diainmg 

In no case m this series did a so-called “bile peritonitis” develop During 
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this time we have seen in consultation three cases of bile peritonitis following 
simple cholecystectomy In every case they had been drained In tv o cases, 
little bile-colored fluid had escaped along the drain, and yet, at the second 
operation, the peritoneal cavity contained several quarts of bile In one 
case the bile drainage had been profuse, but, in spite of this, a large amount 
of bile had found its way into the general peritoneal cavity and had pro- 
duced the symptoms 

We were interested m the recent report of eight cases of bile peritonitis 
by Charles W McLaughlin, Jr (Annals of Surgery, 113, No 6, June, 
1941) before the Central Surgical Association, in which in the discussion he 
said “In this series all of these cases, with one exception, were drained ” 

What happens to the bile-stained drainage, which is almost invariably 
seen in those cases in which a drainage tube is used^ This is a question 
which we are frequently asked We cannot answer this, other than to say 
that we think it does not occur in the absence of a drainage tube We say 
this because of the smooth and uncomplicated convalescent period associated 
with our nondrained cases, and, also, because there was no bile-staining of 
the peritoneal fluid seen in the four cases that came to autopsy, or in the 
five cases of evisceration 

Summary — We are reporting a series of 373 consecutive cholecystec- 
tomies without choledochotomy performed by one of us, (R B B ), in 
which no drainage of the peritoneal cavity was employed in 306 cases, and 
some foim of drain was introduced m 67 cases There were five deaths in 
the entire series, or i 3 per cent, but m none of these did the tact that no drain- 
age was used play a role Among the undrained cases, six, or i 9 per cent, 
had serious, but nonfatal, postoperative complications, but, again, none of 
these could be attributed to the omission of drainage There were six 
cases, or 8 9 per cent, among the drained cases who had serious post- 
operative complications, but here, also, none could be attributed to the 
presence of the dram The proportionately higher percentage of complica- 
tions in the drained group is readily explained on the basis of the pathology 
which caused us to drain 


CONCLUSIONS 

W e feel that, as a rule, it is perfectly safe, and, on theoretical grounds 
probably desirable, to close the abdomen without drainage following simple 
cholecystectomy, in which choledochotomy has not been performed 

This discussion does not include cases of acute cholecystitis, in which the 
omission of drainage may or may not be desirable 

We have been pleased with the clean and easy convalescence in this group 
of patients 

In short, we, ourselves, do not drain the peritoneal cavity following chole- 
cystectomy unless specially indicated 
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SPONTANEOUS EXTERNAL BILIARY FISTULA 
L M R vNKiN, INI D , Sherman A Eger, M D , 

AND 

Henry S Bourland, IM D 
Ui’rin Pa 

The occurrence of spontaneous internal bihaiy fistula is veiy uncommon 
and accoiding to Boiman and RigleU onl> 6o cases had appealed m the 
1 oentgenologic liteiatuie up to 1937 They fuithei stated that gallstones 
have been Aomited fiom the stomach, coughed up fiom the bronchial tiee, 



Fig I — Lipiodol injection of sinus tnct 


voided in the uiine, and fiequently passed by the lectum, but no mention 
was made of stones being passed externally through the abdominal wall 
The extreme laiity of spontaneous external biliaiy fistula piompted the leport 
of the following case 

Case Report — N B , male, age 78, first appeared m the Surgical Dispensary of 
the Delaware County Hospital, August 20, 1940, and gave the following history Ten 
years previously he had a typical gallstone colic, with severe pain, which recurred at 
irregular intervals for the following year, lasting two to three days each tune The 
next attack was in 1938, and was no different from the former attacks In February, 
1940, a painless lump appeared just below the right costal margin, one inch lateral to 
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the mammary line, which gradually increased in size, became more superficial and, 
August 8, 1940, ruptured spontaneously through the overlying skin The discharge 
contained pus and several small gallstones but no bile 

Examination August 30, 1940, revealed him to be well preserved for his age, 
weighing ISO lbs When the dressing, that he had applied, was removed it was mode- 
rately stained with mucopurulent discharge and six small gallstones were found lying 
on the skin about the fistulous opening, which was six millimeters in diameter 
There was no evidence of acute inflammation After clearing the fistula of several 
additional stones with a small spoon probe, lipiodol was injected into the fistulous 
tract A roentenogram taken immediately was reported by Dr P A Bishop, roent- 
genologist, as follows “The lipiodol collects in a cavity that has a size, shape and 
position consistent with a gallbladder It is not completely filled and there are irregular 
filling defects in the upper end of the gallbladder due to nonopaque calculi The cystic 
and common duct are filled with the radiopaque oil and a small amount passed into 
the duodenum” (Fjg i) Two days later an oral cholecystogram was reported as 
follows “The gallbladder is not visualized Opinion Nonfunctioning gallbladder” 

He was followed at regular intervals in the clinic until May, 1941, during which 
time the fistulous tract remained open, occasionally discharged a stone but no bile 
There never was any evidence of acute inflammation, patient was never jaundiced and 
the stools were always of good color Since this date we have been unable to contact 
the patient Surgery was deferred because of his advanced age and the absence of 
obstructive svmptoms 


SUMMARY 

1 Spontaneous external biliary fistula is extremely rare and warrants the 
report of cases 

2 An instance of spontaneous external biliary fistula is hereby reported 

REFERENCE 

1 Borman, C N , and Rigler, L G Spontaneous Internal Biliary Fistula and Gallstone 
Obstruction Surgery, 1, 349-378. March, 1937 
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CALCIFIED UNILOCULAR CYST OF THE SPLEEN 
Colonel Paul Gallagher, M C , U S Army, 

AND 

Captain Joseph I Mossberger, M C , U S Army 

SiATiox IIosi’iiAi, Font Bliss, Ti xas 

PROM Tur DLP VRTMTNTS OI PATHOI OG\ AND SURGnR\, STATION HOSPITAI , PORT BI ISS, TL\AS 

Or 1 HE spli:nomi:g vlifs those clue to cysts and neoplasms constitute 
a cunously low peicenta^e Because the spleen acts somewhat as a blood 
filter It ma} at least be expected that secondaiy caicmoma would occiu fie- 
quentl} ^ Such, ho^\evel, is not the case In a senes of 40,000 suigical 
cases m the Boston Cit}’’ Hospital, lepoited- in 1940, theie Meie only two 
instances of splenic neoplasms That theie is some special oncolytic sub- 
stance present m the spleen is an idea not suppoi ted by conclusive evidence " 
Ceitainly, secondai} tumois of the spleen aie as fiequent as those of the 
kidney- In fact, 17,400 autopsies (Philadelphia Geneial Hospital, leported^ 
111 1927) leiealed 93 neoplasms of the spleen, the gieatest numbei of which 
i\ere metastastic caicmomas fiom the bieast Even thus, it appeals that 
the spleen is paiticulaily antagonistic to tumoi cells — an obseivation which 
has been vaiiousl} explained on anatomic bases, such as the limited number 
of subcapsulai lymphatics 01 the shaip angle of the splenic arteiy, and on 
physiologic bases such as hostile splenic feiments 01 the pulsations of the 
spleen tending to pre\ent tumoi cell lodgments 

It has been suggested* that the etiology of a neoplasm must be consideied 
as a sepal ate pioblem foi each oigan of the body This suggestion is lent 
mateiial weight by the fact that the spleen, although occupying an apparently 
vulneiable position, is so stubbornly lesistant to tumoi cell invasion and 
gi o wth 

From the foiegomg, it may he infeiied that neoplastic cysts of the spleen 
occur so infrequently that they may be consideied medical cuiiosities In- 
deed, up to Januaiy, 1941, only 108 nonpaiasitic cysts of the spleen had been 
reported** Classification of these cysts on a pathogenetic basis, as pioposed 
by Fowler,® would, at fiist glance, appear to simplify the pioblem of patho- 
logic diagnosis But the cause, 111 many cases, cannot be detei mined from 
the terminal histologic pictuie of a cyst, and until further definite knowledge 
IS available as to the exact etiologic factors conceined m the pioduction 
of splenic cysts it may be advisable to cling to a moiphologic classification 
as suggested by Slier win. Brown and Liber ** This classification, a non- 
committal one, IS as follows 

(1) Large sohtaiy cyst with hemorrhagic contents This may be one of 
Fowler’s neoplastic, traumatic 01 degeneiative cysts 

(2) Large cyst with satellites This may be neoplastic 01 mfohative in 
nature 
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(3) Multiple small C3^sts — the usual type 

(4) Polycystic spleen 

Because we can find recoids of only one case of splenic cyst, diagnosed 
roentgenologically before operation,® and another of a calcified unilocular 
cyst of the spleen,® we are reporting this case of large solitary calcified cyst 
of the spleen, suspected before surger3r, and removed successfully, concomit- 
antly with an acutely inflamed appendix, vhich had colored the clinical 
pictuie to no small degree 

Case Report— J F W, white, male, age 41, awoke at 3 00 am, Mav i, 1942, 
with a generalized abdominal pain associated with slight nausea Gaming no relief 
through drinking hot coffee, walking around, or attempting to defecate, he reported 
to the dispensary, where palliative tieatment was without result The patient was 
then sent 120 miles by automobile to the hospital and admitted to the Medical Service 

Nothing in the patient’s history was apropos to his present complaints He had 
never had a similar attack, and had had no operations or injuries His bowel move- 
ments had been regular, and his appetite, as well as his general health, had been 
excellent 

Physical Examinaiwn — The patient was moderately obese, well -developed, with 
no visible evidence whatever of disease There was slight rigidity of the abdominal 
muscles, pain upon deep palpation at McBurne3'’s point and a rebound tenderness from 
the left to the right lower quadrant Tvmpanites were moderate A rather marked 
succussion sound was noted m the left lower quadrant which prompted a more 
thorough examination of this region Because of the rather thick panmculus adiposis 
and some muscle rigidity it was difficult to demonstrate definite abnormality in the 
left lower quadrant However, percussion with digital examination was sufficient 
to locate a mass whose upper border if projected, would fall above the level of 
the crest of the ilium Rectal examination was negative Heart and lungs were 
normal Blood pressure 125/85 Temperature 99° F Pulse 82 Respirations 20 
Labotafoiy Data — R B C 6,000,000 hemoglobin 90% W B C 16,900, with 
90% polymorphonuclear leukocytes Urinalysis negative, Kahn test negative 

Pi copciative Cam sc — May i, 1942 A diagnosis was made of acute appendicitis 
and the patient was transferred to the Surgical Service Because of the ill-defined 
left abdominal mass and the question of differential diagnosis, it was decided to post- 
pone surgery until more definite data were available 

May 2, 1942 The patient was apparently worse than on the preceding day 
Temperature ranged from 99 4° to loi 2° F Tympanites became pronounced A 
roentgenogram of the abdomen revealed a cy^stic mass 14 cm in diameter with a 
partially calcified wall, to the left of the spinal column, extending infenorly from 
the body of the third lumbar vertebra to the sacrum, and laterally to within four centi- 
meters of the crest of the left ilium 

May" 3, 1942 The condition of the patient was much worse Intra-abdommal 
cysts of the male were considered differentially, including those of the spleen, mesentery, 
kidney and pancreas, along with cystic tumors of the stomach intestines and accessory 
sex organs A diagnosis was made of pedunculated cystic tumor (possibly of the 
spleen) with torsion of its pedicle And because the patient’s condition allowed no 

further temporization, surgical intervention w'as decided upon 

Opaat.on — Under spinal anesthesia the abdomen w’as opened through a midline 
incision, revealing a free, odorless fluid, rather viscid and brown in color Plastic 

exudate covered some of the coils of the small intestine The presenting surface of 

the tumor w"as of even contour, w'hite, and the distant periphery w'as a dark blue 
Further exploration showed the tumor to be pedunculated (without torsion), and 
that It was attached intimately to the low'er pole of the spleen There were also 
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manj’^ fine adhesions extending from the mass to all surrounding structures In removing 
the tumor its pedicle was severed with but little bleeding, and the stump of the spleen 
was covered over with some of the loose tissue which surrounded the base of the 
pedicle Examination of the region of the cccum disclosed an abscess lateral to the large 
bowel, and a gangrenous appendix, fiom the base of which fecahths had been extruded 
and through which gas was escaping Because of the immobility of the cecum and 
its extreme friability, the opening into it through the base of the appendix was not 
closed after the appcndicectomy Jnstead, a Penrose diain was inserted and led through 
an abdominal stab wound Sulfathia7ole powder was liberally dusted over the abdominal 
contents, and the operative incision was closed tightly, in layers 

Postoperative Coiiise — Except for a dehiscence of the wound, which was repaired 
effectuely m the fourth \\cek postoperative, the convalescence was uneventful The 
patient was discharged to full duty two months after his admission to the hospital 

Pathologic Examwatioii — Gioss The specimen is an ovoid cystic mass, measuring 
13 X 12 X g ]4 cm, one pole of which presented the stump of a pedicle, measuring 
6 X 3 cm At least one-half of the surface of the cyst is covered with a layer of 
splenic-appearing tissue one centimeter thick Incision into the thin portion of the wall 
reveals it to be about three millimeters in thickness, and is composed of three distinct 
layers, the middle one of which is much softer than the inner and outer layers 
Portions of the C3st wall arc definite^ calcified and cannot be cut with a knife 
The uncalcified areas of the wall arc leathery The cyst contents, appi oximately 
500 cc, ha\e the color and consistcncj' of cream-of-tomato soup Fat globules float 
on the surface It is odorless With reflected light through the walls of a test tube 
containing the material, innumerable white, refractile objects can be seen giving the 
fluid the appearance of crystalline sludge The inner surface of the cyst appears much 
like an old arteriosclerotic aorta w'lth its raised yellow patches and streaks, calcified 
plaques overlying soft pullaceous material, and ulcerations with ragged margins An 
inner shelf nearh surrounds the cyst at its equator, producing the impression that there 
had prcMOUsly been tw'o cysts which had coalesced 

Micioscopically, sections through the thin portion of the w’all show the three distinct 
layers of tissue, prcviouslj" mentioned The inner and outer layers are composed of 
hj'alinized connective tissue The inner laj'er is lined by a definite, highly refractile 
limiting membrane The middle layer consists of essentially normal splenic tissue, 
continuous with the thick portion of spleen covering the rest of the cyst The mal- 
pighian corpuscles, w'lth their eccentric arteries, are small but distinctly developed 
The trabeculae are normal in quantity, how'ever they are pressed obliquely, some 
nearly paralleling the inner lining of the cyst The vessels have thickened walls, and 
there is an increase m the reticular connective tissue elements of the splenic pulp 
Sinusoids are dilated and empty Microscopic examination of the cj^st fluid shows 
fat globules of varying sizes, degenerated red blood cells, and cholesterol crystals 
Chemical analysis of this fluid reveals occult blood four plus, total fat 1204 gm per cent, 
and cholesterol 3 45 gm per 100 cc 

Comment — Because a layei of apparently normal splenic tissue sur- 
rounds the cyst, it cannot be considered that this lesion is the result of an 
old infarct, inasmuch as the spleen has no capsular circulation to keep alive 
any superficial layer m infarcted areas The calcification in the cyst wall, 
and the degenerative nature of the cyst contents, place the tumor in the 
category of an old process — probably an hematogenous one several years 
previously That the cystic tumor represents a true neoplasm of the spleen 
cannot be proved by its terminal histologic appearance and present data re- 
garding splenic tumors No stretch of the imagination i^ required, however, 
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to think of it as the result of an intrasplenic hemangioma, increasing pressure 
from which finally cut off its vascular supply 

In passing, it may be stated that once again has been emphasized the 
danger of explaining rather clear-cut clinical symptoms with an incidental 
physical finding A diagnosis of acute appendicitis probably precludes any 
delay in action caused by attempts to ascertain the nature of a second lesion 

SUMMARY 

Because of the rant}'- of splenic cysts, this repoit is made on a laige 
unilocular calcified cyst, suspected before surgeiy, and successfully lemoved 
without disturbing the unmvolved poition of the spleen Review of avail- 
able literature^^ would place this as the 155th case leport of nonparasitic 
cysts of the spleen 
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TRAUMATIC DIAPHEAGIMATIC HERNIA WITH COMPLETE 
TEARING OF THE MEDIASTINAL PLEURA 


REPORT OF A CASE 

Fred R Harper, MD 
DekveiIj Colorado 

The subject of diaphiagmatic hernia, including discussions of symptoms, 
diagnosis, and operative approaches, has been adequately described in the 
literature by Harrington, Schififbauer, Truesdale and others The case here- 
with reported is of particular interest because of the extensive injury to the 
diaphragm and also because the anterior mediastinal pleura was completely 
torn, so that the two hemithoraces communicated 

Case Report — The patient was a \ery strong and well-developed man, age 31 
He was in an automobile accident in which two cars collided head on, traveling at a 
high rate of speed He was unconscious following the accident until the ne\t day, 
remaining in a hospital near the place where the accident occurred for three weeks, 
and was then moved to Denver When fiist seen he was complaining of some difficulty 
in breathing and occasional cramping abdominal pains, suggestive of intestinal obstruc- 
-tion He also complained of pain in the left shoulder 

On examination, there was dullness and absent breath sounds over the left chest as 
high as the fourth intercostal space posteriorly There were also gurgling sounds to 
be heard over this area, which were suggestive of gas moving through the intestine 
Roentgenologic examination following a barium meal showed the stomach and colon to 
be in the chest, extending as high as the third rib anteriorly (Fig i) 

A diagnosis of traumatic hernia of the left side of the diaphragm was made, and 
surgical intervention decided upon On the day preceding the operation for repair of 
the diaphragm, the left phrenic nerve was ciushed through an incision above the clavicle 
The operation for repair of the hernia was undertaken under intratracheal anesthesia with 
cyclopropane 

Opeiahon — The incision followed the seventh left intercostal space from the angle 
of the ribs to the costochondral junctions The seventh and eighth ribs were divided at 
their angles to facilitate the exposure On opening the pleura, the stomach, small intes- 
tine, colon, omentum and left lobe of the liver were found in the chest There was no 
hermal sac However, the most startling finding was a complete tear of the anterior 
mediastinal pleura, so that both sides of the chest were wide open and both lungs col- 
lapsed Also, the pericardium was completely torn away from its diaphragmatic attach- 
ment (Fig 2) Surprisingly enough, the anesthetist had no difficulty m controlling the 
patient’s breathing, even though there was complete bilateral pneumothorax He did not 
find it necessary to use a great deal of positive pressure The tear in the diaphragm was 
found to extend from a point about two inches to the left of the xiphoid process through 
the esophageal hiatus (Fig 3) After replacing the abdominal viscera the esophageal 
hiatus was reconstructed and the diaphragm repaired with interrupted No 5 silk mattress 
sutures Additional No 2 silk interrupted sutures were used along the edges of the torn 
diaphragm No attempt was made to repair th6 mediastinal pleura The incision in the 
chest ivall was closed w'lth pencostal sutures of No 2 catgut and interrupted silk sutures 
Before placing the last sutures, a catheter ivas introduced into the pleural cavity in 
order to withdraw' the remaining air after inflating the lungs No drainage was insti- 
tuted An indirect transfusion of 500 cc of citrated blood w'as administered, and the 
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patient placed in an oxjgen tent A stomach tube \^hich had been intioduced before the 
operation was started, was connected to a Wangensteen suction apparatu"- 

The patient’s postoperative course was essentially uneventful At no time was it 
necessary to remove fluid from the chest The patient has returned to work Subsequent 
examinations, and roentgenograms taken at intervals of three months (Fig 4) and one 
year following the operation show no recurrence of the hernia 

Discussion — A case of extensive traumatic rupture of the diaphragm 
and mediastinal pleura following an automobile accident has been described 
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Fig 1 — DraiMHg illustrating the condition of the diaphragm after replacing 
the herniated abdominal viscera 


Transpleural approach was used in repair of the diaphragm The important 
point about this case is that both sides of the chest were wide open at the same 
time, with simultaneous collapse of both lungs during the operation Contrai}' 
to common belief, the bilateial collapse was not fatal, and the patient had a 
very smooth anesthesia, which lasted for two hours As a matter of fact, the 
anesthetist reported that very little positive pressure was necessary, and 
that the patient’s pulse and blood pressure ivere remarkably constant There 
was less postoperative shock than is generally encountered following extensive 
mtrathoracic operations 


CONCLUSIONS 

Theie aie several interesting conclusions to be drawm fiom this case In 
the first place, the decision to defer the operation until the patient was com- 
pletely over the shock of the accident seemed to be wise How^ever, since 
the patient was shownng evidence of transient intestinal obstruction it would 
not have been wise to postpone the operation any longer The case also 
illustrates the fact that if intratracheal anesthesia is used it is possible to 
operate with both sides of the chest open simultaneously, and wnth both lungs 
collapsed, wnthout causing undue respirator}'^ embarrassment or an unusual 
degree of shock There were tw^o other practical points that aie worth men- 
tioning The first is that the decision to crush the phrenic nerve on the pre- 
vious day was coirect, because having the diaphragm paralyzed made it much 
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easiei to leplace the abdominal visceia Had the neive not been citished on 
the pievioiis da)'- it would have been difficult to have ciushed the nerve in 
its couise along the peiicaidium until aftei the visceia had been leplaced The 
final point to mention is that the chest was closed without drainage and, 
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Fig 4 — Roentgenogram taken three months after the operation 
Healed fractured nbs are shown, also the high positron of the 
paraljzed left diaphragm There is no evidence of recurrence of the 
jiernia 


while a small amount of fluid foimed, no infection was present, and the fluid 
absorbed spontaneously No postopeiative aspnations weie necessary 
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TRAUISIATIC ARTERIOVENOUS FISTULA 

REPORT OF AN UNUSUAL CASE 

Colonel G V Emerson, M C , U S Armt , 

AKD 

Major Wm W Nichol, M C , U S Akau 

Sai^ Fhaxcjsco, Calif 

Arteriovenous eistulac, wheiever their location may be, always present 
a challenge to the surgeon as to when to inteivene and Avhat procedure to 
adopt and, finally, how Avell he can carry out the pioceduie he deems most 
likely to afford a favorable end-result in each paiticular instance 

Present-day literature deals fully with the mechanics of pioduction of the 
abnormal communication between the aiteiies and vein, as well as describing 
at great length, the pathologic physiology and surgical pioceduies in such 
abnormal communications 

In repoitmg the appended case, it is not the intention of the authors to 
present any new theories as to the physical, pathologic, physiologic, or surgical 
aspects of the subject, but merely to repoit a case somewhat out of the 
oidinary, which was treated, with a faAmrable end-result 

Case Report — J C D , white, male, age 23, was admitted to Letterman General 
Hospital, July 25, 1941, with a chief complaint of a thrill and buzzing sensation in his 
left upper extremity just proximal to the elbow, with each heart beat Patient stated that 
approximately eight months prior to admission, while ivorking as a meat-cutter, he 
accidentally stabbed himself on the medial aspect of the left arm just above the elbow At 
the time of the injury blood spurted out as though an artery had been severed He was 
treated by a physician shortly after the accident occuried The bleeding stopped following 
application of a compression-type bandage, and the wound healed without infection 
About one month after the accident occurred he noted, one night, while lying on his left 
arm, a loud noise occurring simultaneously with each heart beat, and on palpating the 
area just proximal to the elbow', he could feel a buzzing or thrill Patient stated that he 
had no difficulty at any time because of this condition , that he had not noticed anv 
apparent weakness of the left arm, nor had he noticed any evidence of cyanosis or dila- 
tation of the superficial blood vessels On further questioning, he did admit some 
shortness of breath on unusual exertion, which, to him, seemed slightly more than he had 
usually experienced under similar circumstances prior to the injury 

Physical examination was essentially negative, except for a scar, approximately 
three centimeters long, on the medial surface of the left upper extremitj, approximately 
four centimeters above the elbow Palpation of this area revealed a sharp systolic thrill, 
and auscultation elicited a marked bruit, starting in systole and continuing throughout 
diastole Blood pressure w'as 118/65, and was the same in both arms There was no 
evidence of venous dilatation distal to the elbow A diagnosis of an arteriovenous fistula 
was made, Julj 31, 1941 

OpeiaHoi ! — ^Under nitrous oxide-ether anesthesia, a six-centimeter incision was made 
over the brachial artery of the left upper extremity, extending proximally from a point 
tw'o centimeters abov'e the medial condyle of the humerus The superficial veins of the 
anterior surface of the arm were dissected free, and retracted medially and laterally, 
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as need be Immediately beneatli this, in the legion of the brachial arteiy, a sharp 
thrill, originating with the systolic phase of the heai t beat, could be felt By meticulous 
sharp dissection, a double aiteiiovcnous fistula was isolated (Fig i) These had occur- 
red between the venae comites and the brachial arterj^, forming a double “H” The 
median nerve was retracted medially and the aiteries and venous fistula were ligated 
with No I chromic catgut, and then cut The defects in the brachial artery, both on the 



Fig I — Drawing showing the anatomic relations of the double arteno 
venous fistula Insert Showing the technic of separation and method of 
suture 


medial and lateral sui faces, were then repaired by suturing with fine silk (Fig i) 
Following this procedure at was noted that the thrill had stopped Hemostasis was ob- 
tained, and the subcutaneous tissues were approximated with a continuous interlocking 
dermal suture The arm was put up in extension, with a posterior splint 

The postoperative convalescence was uneventful up to August 25, 1941, at which time 
he developed an acute upper respiratory infection, winch later developed into a mild 
bronchial pneumonia This w'as treated with sulfathiazole, and he became afebrile after 
three days On September 5, 1941, sulfathiazole was discontinued, and he was able to 
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be up and about the ward Examination at this time revealed the wound to be entirely 
healed, pulse good at the wrist, with no evidence of venous congestion, nor was there 
any evidence of the thrill or bruit originally heard in the region of the elbow prjor to 
surgery 

The patient has fully recovered from the original condition and is to be returned to 
his duties as a soldier in the near future 
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HEMANGIOMA OF THE ILEUM 
Frederick Christopher, M D 
Evanstoit, III 

As HEMANGIOMA of the intestinal tract which comes to clinical recogni- 
tion IS extremely uncommon, it would seem desiiable that eveiy case en- 
counteied be lepoited m order to amplify oui knowledge of this subject 
In 1936, Kaijsei^ leviewed the liteiature and found reports of only 74 
veiified cases of hemangioma of this type These he classified into five 
groups Since then at least ii additional cases have been reported 

The case desciibed by Pierose- is particulaily instinctive The patient 
had had symptoms for 15 years, and it was only after much study and at 
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Fig I — Gross appearnnce of hemangioma of the ileum 




the thii d celiotomy that a correct diagnosis was made and the lesion resected, 
with lecoveiy of the patient It is well to emphasize Pierose’ statement 
that “when a patient expeiiences repeated attacks of melena which cannot 
be explained by a thorough study of the history, physical manifestations 
and laboratory examinations, the possibility of hemangioma of the gastro- 
intestinal tract should always be considered ” Another interesting case, 
that of a boy, age 12, was recently leported by White ^ In this case severe 
hemorrhage fiom the rectum had suggested the diagnosis of a bleeding ulcer 
of a Meckel’s diveiticulum At operation, the “last six inches of the ileum 
and ileocecal junction were much thickened and infiltrated by masses of 
tortuous, engorged blood vessels ” The patient recovered after resection 
of the terminal ileum and cecum 
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Recently I operated upon a patient with hemangioma of the ileum, the 
data in this case being as follows 

Case Report— B S, female, age 26, was admitted to the Evanston Hospital, 
April 30, 1941, because of recent attacks of faintness and breathlessness The history 
was otherwise negative There had been no tarry stools With the patient recumbent, 
the blood pressure in the right arm was 80/52, in the left arm it was 110/70 A 
loud systolic murmur was noted On May I the blood count showed Hb 42 2 per 



Tig 2 — Microscopic appearance of hemangioma of the ileum showing the 
point from which the hemorrhage occurred 


cent, RBC 2,160,000, WBC 10,250 On May 3 the count showed Hb 357 per 
cent, RBC 1,830,000, WBC 11,900 Blood cultures and urinanalysis gave negative 
results The stools shovv^ed 4-plus blood, gross and occult, on four examinations 
No blood was found in the stomach contents An electrocardiogram was normal 
Four blood transfusions were administered, and on May 23 the blood count showed 
Hb 68 1 per cent, and RBC 3,620,000 The patient was discharged on that day, 
with a diagnosis of gastro-intestmal hemorrhage of undetermined origin, possibly 
due to a Meckel s div^erticulum She was to follow an ulcer diet 
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On June 9 the patient was readmitted The blood count showed Hb 8i i per 
cent, RBC 4,150,000, WBC 7 j 850 Roentgenologic examination of the gastro- 
intestinal tiact revealed no abnormality, and the patient was discharged on June ii 
She was readmitted on June 22, with complaints of fatigue and dizziness Blood 

was found in the stool The red blood cell count and the hemoglobin value declined 

steadily and on June 28 were 260 per cent and 1,410,000, respectively Transfusions 

were administered on June 22 and July 2, 5 and 7 On July 7 the hemoglobin value 

ivas 389 per cent, and the red blood cell count was 1,830,000 

Operation — July 8, 1941 The abdomen was opened through a long right rectus 
incision No Meckel’s diverticulum was found As far as could be ascertained by 
palpation and inspection, the stomach, duodenum and large and small bowel were 
normal, save for a lesion about the junction of the jejunum and ileum At this 
point, on both sides of the intestine at the mesenteiic border, there was a strikingly 
bright red coloration This area was 11 regular in contour and slightly granular, with 
a smooth seiosa On one side of the bowel the lesion measured about 1x2 inches, 
and on the other side about x i inches Opposite it were several small, shotty 
nodes m the mesenterv Foui inches of the small bowel was resected, and an end- 
to-end anastomosis was established The patient had an uneventful convalescence, and 
left the hospital on Jul}" 24 Two months later she was able to ride horseback 

Pathologic Examination — Gi oss Dr E L Benjamin The resected segment of 
the ileum is 7 cm long and 5 cm m cii cumfercnce The serosal surface presents a 
triangular, dark red, slightly granular area Its base, i 5 cm long, arises from the 
mesenteric border It is 2 cm long and its hypotenuse measures 21 Mm A similar 
lesion, although slightly smaller, arises from the mesenteric border on the opposite 
surface of the bowel The opened bowel displajs a roughly lound, dark red area, 
corresponding to the position of the mesentery involved m the above-mentioned lesion 
The mucosal lesion measures 21 by 20 Aim Its borders are slightly irregular, and, 
except for a slightly eccentiically placed, soft, gray area, 3 cm in diameter and i Mm 
high, the mucosa is normal (Fig i) Mtcioscopic Diagnosis Congenital hemangioma 
of the ileum, with secondaiy ulcciation and hemorrhage (Fig 2) 
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MALIGNANT TERATOMA OF THE ARM 

CASE REPORT 

C J Christt. MD 
Buffaio, n y 

FROM THE STATE INSTITUTE FOR THE STUDY OF MALIGNANT DISEASES BURTON T SIMPSON M D DIRECTOR, 

BUFFAIO N Y 

The roLLOWiNG case is presented to illustrate some of the difficulties 
which face the physician in making a correct diagnosis Presence of a malig- 
nant teratoma in this case was not suspected, and diagnosis of a rare 
disease, one must assume, is often merel}'^ a question of thinking of it as a 
possibility 

Case Report — The patient, white, male, age 49, was admitted to the State Institute 
for the Study of Malignant Diseases, July 3, 1940, complaining of a tumor mass of the 
left arm He stated that about 25 years ago he noticed a small lump on his left upper 
arm It had increased m size gradually until about one and one-half years ago, when it 
began to grow very rapidly At the time of his admission it was as large as a medjum- 
sized orange, felt somewhat hard, and had a dark purplish hue About 20 days previously 
It broke on the surface, and theie was a slight bloodj discharge Six days ago it broke 
again, and there was some pus and bloody drainage During the past five or six days 
there has been some muscle pain but no other distressing symptoms 

Physical Lxatiniiatwii — This was essentially negative except for the tumor mass, 
which involved the left arm just abo\e the elbow It was located on the dorsal surface 
and about the insertion of the deltoid muscle, somewhat oval in outline, and measured 
about 14 cm in diameter It was partially ulcerated on the surface and held to subcu- 
taneous tissues by a narrow pedicle It was freely movable and of serrufirm consistency, 
with the superficial veins markedly dilated The laboratory and roentgenologic findings 
were negative Pi ovisional Diagnoses Lipoma, fibrolipoma or sarcoma 

Opeiatioii — Under 05 per cent novocain anesthesia, an elliptical incision was made 
The skin flaps were undermined to some extent down to the deep fascia, which was 
involved, but the muscular layer was free of any involvement The tumor was well 
encapsulated but it had perforated through the capsule and had undergone partial central 
and surface necrosis Small areas of cystic degeneration were also present The tumor 
was removed in toto, and the skin approximated by three retaimng linen sutures and 
skin clips A small gauze drain was inserted 

Pathologic E-ianiination- — Dr A A Thibaudeau Section of tumor from the left 
arm shows a growth composed largel}" of small round and spindle cells disposed about 
blood vessels In these areas the histologic picture is that of a tumor arising from meso- 
blastic cells Due to the characteristic disposition of the cells about blood vessels and 
their general histologic characteristics, the picture m these areas is that of an endothe- 
lioma Howe^er, m some areas, islands of squamous epithelium of anaplastic type with 
marked variation m size, shape, and staining quality of cells, and with some pearl 
formation are found in the areas above described (Figs i and 2) This squamous epi- 
thelium lies deep below the skin surface and has evidently no connection wjth it Large 
areas of fibrosis and necrosis are seen about the edges of the growth Pathologic Diag- 
nosis Malignant teratoma 

Postopciative Com sc — The patient’s recover}'', postoperatively, was uneventful, and 
he was discharged on the day of operation, to return to the Out-Patient Clinic for 
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additional care and dressings The wound healed completely m 12 days A course of high 
voltage roentgenotherapy was given over the affected area of the arm within two weeks 
after operation, because of the pathologic leport of malignant teratoma Two fields were 
chosen, one anterior and the other posterior, and daily doses, to a total of 3,564 r to 
each field, weie given This patient is well today with no recurrence, and has resumed 
his former occupation 



Fig I — Showing: cells of the mesobHstic Fig 2 — Showing masses of cells of meso 

layer, together vith masses of cells of epidermal blastic origin, arranged about blood vessels 
origin 


Comment — Malignant teiatoma is piobably not a rare occurience, but 
malignant teiatoma of the uppei extiemity must be legaided as unusual The 
cause of malignant teiatoma is not definitely settled 

This case furnishes a sti iking demonstiation of the value of the histologic 
examination of any new giouth lemoved at opeiation By this diagnostic 
procedure a correct diagnosis was made and the pioper postopeiative loent- 
genotherapy was administeied 
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CLAVICLE FRACTURE TREATED WITH SKELETAL TRACTION 

Ross Sutherland, M D , 

Los Axgelks, Caxif 
AND 

M John Rowe, Jr , M D 

Lo>%g Bfach, Calif 

FROM THP TICHENOR ORTHOPEDIC CLINIC LONG BEACH CAI IE 

Clamcli: TRAcruREs aie not usually consideied seuous because of then 
facility in healing despite the inaccurac}'^ of i eduction Many forms of tieat- 
ment have been employed, no one of which has been satisfactory from all 
considerations — comfoit, accuiate i eduction, eaily healing, and final cosmetic 



Fig I — Skeletal traction to outer end of clavicle 


result With the usual inaccuiate leplacement of the fiactuie fragments, 
healing is attended by a laige mass of unsightly callus Also, m the few 
cases wheie open reduction is undeitalcen, the scai must, necessaiily, be 
placed in an exposed position 

The suitability of using skeletal ti action, with a small wire thiough the 
outer end of the clavicle, to obtain reduction, union, and good cosmetic 
result was obtained in tlie cases herewith, repoited 

Case 1 — ^In this instance a small incision for placement of the wire was made, 
under general anesthesia A clevis was applied, with five pounds traction, to a floor 
frame, and the patient was placed, supine in a standard hospital bed, with the head of it 
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Fig 3 

Fig 2 — Original roentgenogram of clavicle with overlapping of fragments 

Fig 3 — Roentgenogram three weeks after fracture, showing reduction and 

callus formation 

slightly elevated (Fig i) After 24 hours the fracture had become reduced and slightly 
overpulled (Figs 2 and 3), so the weight was decreased to three pounds Three weeks 
after the fracture, callus was apparent both clinically and roentgenographically 

Case 2 — The patient, a female, age 12, had prevAOUsly sustained a fracture of the 
clavicle, which was treated by figure-of-eight bandage , three weeks later, she fell and 
caused a refracture through the callus, with overlap of the fragments This was treated, 
similarly to Case i, by skeletal traction, with satisfactory reduction 

The convalescence was much more comfortable, and uneventful, than by any other 
method of treatment previously employed, and a functionally and cosmetically satisfactory 
end-result was obtained 
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THE SO-CALLED “COMMON ILIAC VEIN” OE THE RABBIT 

Dell Theodore Lundquist, MD 
Palo Alto, Calif 

Fourteen years ago, after doing a shoit senes of experiments on labbits, 
ligating the common iliac artery, with and without its accompanying vein, 
I decided not to submit the work for publication, because it seemed that 
the anatomic relations weie such that the results could not be carried over 
to the human In short, refeience to published anatomies of the rabbit,^’®’" 
confirmed by my obseivations in vivo, at autopsy, and after stereoroent- 
genogiaphyof the venous system following injection with Hill's inass*^ (wfinch 
was facilitated by fiist perfusing the ai tei lovenous sj'^stem with “normal” 
saline made wuth tap water) all led to the conclusion that the rabbit has no 
bilateral common iliac vein It has a “trifurcation” of the vena cava inferior 
made up of a single common internal iliac and the light and left exteinal 
lilacs The common internal iliac vein is formed b}'' the junction of the light 
and left inteinal iliacs 

Therefore, those who have reported ligating the common iliac vein of 
the rabbit have doubtless ligated only the external iliac Recent reference 
to the literature has shown that this mistake is still extant, hence the pei- 
petration of this repoit to end the peipetuation of an eiror, and to erect a 
sign “Blind Alley ” 

The late Dr Emmett Rixford called to my attention one of the earliest 
pieces of work done by Cooper® on experimental ligation of aiteries with and 
without the accompanying veins, also reporting an operative case, wfiiere 
the surgeon was compelled to ligate the A'^ein, as w^ell as the aiteiy (external 
iliac) and was surprised at the results His expenments w^ere on dogs He 
referred to a surgical hope of successful giadual retroperitoneal occlusion of 
the aorta 

Whether the anatomy of the sympathetic nervous system of the rabbit 
IS different fiom the human is a question that might be investigated in 
connection with the various results reported In fact, wfiiether the opeia- 
tions of venous and arterial ligations accomplish part of their effects thiough 
the sjmpathetic nerves affected by the ligations might well be asked 

The unsuitability of the rabbit for work involving tempeiature readings 
unless an average for each one is established is attested by Scott and Simon ® 

BIBLIOGRAPHY 

(The full list of references to those who have fallen into this error >s not appended — 
most of them are included in references of Gage and Ochsner,® and of Brooks, John- 
son and Kirtley -) 

^ Bensley, B U Practical Anatomy of the Rabbit Toronto The University Press, 
1910, Pages 133. 134 
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A NEUROSURGICAL HEAD-REST 
Robert Gottsciialk, M D , 

AND 

Gerard Buschenhenke 

FROM THE DEPARTMENT OF NEUROSURGrR\ ALBANY HOSPITAL AND MEDICAL COLLEGE 
UNION UNIVFRSm, ALBANA, N A 

A HEAD-RLSi foi suiDi atenloiial cianiotomies, as satisfactoiy as the Adson 
frame m cerebellai appi caches, has been a piobleni foi uhich we ofifer the 
following simple, stable device as a solution 



Fig I — The head rest attached to the cerebellar frame 


The head-rest of a legulai Adson ceiebellar fiame is removed and the 
lollowing apparatus is attached to the fiame A Is the unpadded head- 
suppoit which extends from just beyond the occipital region along the side 
of the head and face It can be seen that the frontal, temporal, parietal and 
part of the occipital regions are readil}'' accessible By changing the padding 
it IS a simple matter to fit it to diflfeient size heads The view of the 
head in the vertical position would lead one to believe that the head might 
easily slide out of the suppoit The drapings, the weight of the head, and 
the fact that the surgeon is working from the opposite side prevents any 
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possibility of this occurring B Is an adjustable device used to hold the 
head-support at any angle from a lateral to a vertical position If the 
surgeon desires the angle of the head to be changed during the operation, 
this can be done readily by the anesthetist When C is loosened the head- 
rest can be turned for either a right or left approach D Is a screw that 
allows the head-rest to be raised or lowered At D this apparatus is to be 
inserted in place of the ordinary cerebellar rest 

The frame, beneath which the anesthetist sits, is supported by a bar 
which can be readil}”^ attached to the operating table It gives sufficient 
room for the anesthetist to watch the patient without interfering with the 
operator or assistants 

We have been using this apparatus for supratentorial craniotomies foi the 
past few months with satisfactory results 
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AN EXPANSION REAMER 

Samuel Kleinberg, M D 
New York, N Y 

The preparation of the acetabulum m performing an arthroplasty of the 
hip joint IS a majoi feature of the operation In any type of ankylosis of the 
hip, and especially in the bony vaiiety, a vaiiable degiee of learning of the 
acetabulum is required to obtain a roomy and adequate socket for the newly 
constructed femoial head Chisels of vaiious sizes and shapes are used to 
break up the ankylosis and to enucleate enough bone from the side of the 
pelvis to establish a depi ession which is the beginning of an acetabulum One 
then proceeds to deepen and shape the acetabulum and to obtain a com- 
paratively smooth articulating suiface by means of a i earner The Doyen 
reamer is the most populai mstiument for this purpose, and it is indeed veiy 
useful, but m its fiequent use I have found three faults Fust, the Doyen 
learner creates a cavity of a given size, and it is usually necessary to use tliiee 
reamers of inci easing size to obtain a laige enough acetabulum The laige 
reamer cannot be used at once because the depression made in the pelvis by 
the chisels is not big enough to admit it Hence, thiee different instruments 
have to be inserted into the wound Second, the cutting edges of the Doyen 
reamei are not very stiong and are so placed that only a veiy small quantity 
of bone is lemoved in one revolution, therefoie, the suigeon has to expend a 
great deal of energy m taking out an adequate amount of bone, especially if 
It IS sclerosed, from the sides of the acetabulum Third, the reamer is oper- 
ated by turning its distal bulbous end , this is often very difficult because the 
moisture of the wound makes the instrument slippery, and, despite the fact 
that one uses gauze, a lapaiotomy pad or a towel to grip the instrument, it 
can be rotated only by the use of much foice 

The above experiences and considerations led me to devise an expansion 
bone reamer based on the pimciple of the expansion bit used m carpentry 
The cutting edges of my mstiument are very strong and are easily and 
gradually separated, while the mstiument remains in the wound, permitting 
the surgeon to enlarge the new acetabulum to the required size In addition, 
a handle attached to the distal part of the reamer facilitates its operation and 
avoids the necessity of the use of much force 

The instrument (Fig i) is all metal, and can be sterilized by boiling It 
consists of three curved, strong knives (Fig 2) of surgical steel, mounted 
through joints (Fig 3) on a steel lod, which lies inside of a fenestrated 
cylinder of seamless steel tubing and projects beyond the cylinder by a 
threaded extremity, on to which fits a conti oiling knurled knob (Fig 5 B) 
The knuiled knob is used to change and regulate the relative position of the 
lod in the cylindrical housing, and thus separate or approximate the knives 

Submitted for publication January 10, 1941 
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Fig I Fig 4 

Fig I — Showing the assembled instrument with the blades closed The diameter of the surface 
which the blades cut in this position is inches The fenestrations in the c}lindrical case not only 
lighten the weight of the instrument but permit thorough cleansing 

Fig a — Showing the three cutting blades, the guide ring ard pins, and the rod with the expansion 
head at one end and the thread at the other end 

Fig 3 — An enlarged view of the blades and expansion head on the rod (a) Knives (b) Guide 
ring (c) Expansion head (d) Rod 

Fig 4 — Assembled instrument with knnes open to diameter of 2 Id inches 



I hiG s — Instrument taken apart (A) Cjlinder (B) Knurled knob (C) Rod 
jwith blades (D) Handle (E) Small ring to cap upper part of c\linder, allowing 
Ifod to pass through it (F) Eight screws to secure the rarious parts to the cjlinder 
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projecting beyond the opposite end of the cylindei To the cylindrical case 
IS attached a fairly laige handle of duraluminum (hence, very light in weight) 
by which the mstiument may he easily lotated The blades when closed 
(Fig i) have a diametei of inches, and when open (Fig 4), a diameter 
of 2)4 inches, thus giving one an adequate lange for the construction of any 
adult acetabulum The weight of this leamei is only i )4 pounds The 
cylindrical case, the rod and the blades aie made of steel, but the handle, the 
guide-rmg and the knuiled knob aie of dui aluminum 

The expansion 1 earner desciibed was designed m the hi ace shop of the 
Hospital for Joint Diseases, with the kind and enthusiastic assistance of 
Mr Jack Schvaitz and Mi Gaston Heitz, to both ot whom I am very deeply 
indebted I have used the mstiument and find it to have the following ad- 
vantages 

(1) It IS light 111 weight, but stiong 

(2) An acetabulum may be teamed out to the desiied size by extending 
the cutting surfaces of the knives, without lemoving the mstiument fiom the 
wound 

(3) By means of the laige handle, rotation of the 1 earner can be per- 
Eoimed with but slight effoit 

(4) The position of the cutting blades, and hence the size of the new 
acetabulum, is easily 1 egulated by the knurled knob 
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BOOK REVIEW 

China’s Health Peoblems By Szeming Sze, MA, MB B Ch (Cantab), 
New York City China Institute in America, Inc 1042 

A REMARKABIE MONOGRAPH by Szeming Sze on China’s Health Problems has 
had Its first printing in July of this year by the China Institute in America, which 
deserves a careful reading by Americans at this time 

That there is a problem is evidenced by his statements that there is at the present 
time a morbidity of sixteen millions a day, and a mortality of ten millions a year, 
of which, it IS conceded, four millions are unnecessary 

To meet this responsibility, available medical facilities are meager and the dis- 
tribution of them uneven In the whole country there are but ten thousand doctors 
and thirty-eight thousand hospital beds Based upon American standards, and with 
the same morbidity, China should have two hundred and sixty thousand physicians 
and two million hospital beds But this again should be doubled, as the incidence of 
disease in China is more than twice that of the United States 

To meet this stupendous problem he suggests State Medicine as the only answer 
for the 85 per cent of the population who live in the rural districts He accepts the 
plan which has been in operation in Scandanavia for many years, in which a network 
of health centers are grouped around a senes of Provincial Hospitals, and all con- 
trolled by a National Health Administration That such a plan, known as “The New 
Hsien System” has been functioning in China for some time is evidenced by the 
report of the Director of the National Health Administration for 1940 

It IS necessary for one to meticulously read this presentation of Szeming Sze to 
appreciate the grasp the author has upon this amazing problem His discussion, in 
a series of chapters devoted to health, medical education, the Army Medical Service 
and Civilian Medical Relief are recommended to our medical profession and Govern- 
ment authorities during these times of change and adjustment 

Not only do we recommend it, but regard it as compulsory reading for the 
Profession and general public 

Walter Estell Lee 


EDITORIAL ADDRESS 

Original typed manuscripts and illustrations submitted to this Journal 
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